BIOLOGICAL ASSESSMENT

4.1 Ipcroduction

On June 3, 1979, an exploratory petroleum well named Lxrtoc I being
drilled by Petroleos Mexicanos in the Gulf of Campeche, Mexico, blew out
uncontrollably. The well gushed cil unril late March, 1980, when it was
finally capped. The accident was the largest spill_to date by far ic the
Gulf of Mexico, releasing approximacely 5.3 xz 107/m* of crude oil imto the
ocean. O0Oil from Ixtoc I apparently weathered rapidly near the wellbhead
and then moved northward on the surface and beneath it. About 4,330 a” of
0il were deposited on south Texas beaches during the spill (Gundlach et
al. 1981); however, the quantity of oil reaching the benthos is completely
unknown. The south Texas shelf is nearly all unconsclidated sediment,
ranging from sand nearshore to predominancly clay amd sandy and silcy clay
cffshore (Flint and Bolland 1980, Gallaway L1981).

By coincidence, part of the area believed to be exposed to petroleum
from the Ixtoc I spill had bees subjected to an extemnsive environmental
study during 1975, 1976, and 1977, under the sponscrship of the U.S. Bureau
of Land Management (BLM). For many years, 'baseline" outer comtinental
shelf studies sponsored by the Bureauw of Land ¥anagement (BLM) have had as
their avowed purpose to describe biological conditions, so that in the
event of an environmental catastrophe (e.g. an oil spill), the excent and
nature of the impsct might be understood by comparisom to the previous
situation. The value of such a damage assessment program would depend upon
its ability to determine if damage wers, in fact, detected and assigned
beyond a reasonable doubt to its proper cause. The Scuth Texas Outer
Continental Shelf (STOCS) baseline study program included a wide variety of
environmental wmeasurements designed to meet BLU needs for impact assessment
should the area be lsased for future petroleum developmenz. A large aumber
of intertidal and subtidal sites were studied alomg the south Texas sheli,
which is gearly all unconsolidated sediment ranging from sand nearshore o
aud (predominantly clay) offshore (Flint and Bolland 1980, Gallaway 1981).
Anong the subtidal biological communities surveyed, the macroinfauna
(defined as soft=bottom organisms retained cn a 0.5 mm screen) was
characterized in the STOCS progrzm as being relatively stable, showing a
lack of prooounced seasonal fluctuactions (Holland et al. 1980).

In light of this supposed stability, and in part as a result of the
STOCS use of repeatable, standardized methods for bemthic sampling, the BLM
sponsored a study of the masroinfaunal community during the Ixgog I spill
(November 1979) and ome year later (December 1980). Benthic samples were
taken at 12 of the same STOCS sites using the same methods previously
employed in the STOCS project. The samples were subjected to bieclogical,
¢hemical and sedimentological apalyses to determine whether or not amy
effects of the Ixtoc I spill on the macroinfauns might be detecred.
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The circumstances under which this study was undertaken could aot
practicalily be expected to have been better. The oil spill was massive,
there was a large amount of baseline biological data oo the area; and the
methods used in the baseline study were standardized and repeatable. In
some sanses, this study was the first test of the utility of the baseline
concept for petroleum impact assessment, since until the Ixgog I spill ao
such. hiiman~caused catastrophe had occurred in an area previously included
in a comprehensive baselime program.

This report describes the results of the benthic biological study,
while the chemical and geological results are presented in Sectiouns 2,73,
aud Appendices 9.1 and 9.2. The 1979 samples were taken by a.multi-zagency
"Regional Response Team" (NOAA 1982) while the 1980 samples were collected
by LGL Ecological Research Associares, Inc. and by Energy Resources
Company, Imec. (ERCC). Amalysis of 1979 and 1980 biological samples and
data was performed by LGL, while ERCO was responsible {or chemical sample
and data analysis. Geomet Technologies, Imc. apalyzed the sediment saczples
for texture.

The 1980 sample collectiocn included benthic matarial from 28
additional statious not previously sampled for biclogical parameters. Two
of these statioms. were very near the site of the 1979 collision of che oil
tanker Burman Agate with a freighter, which resulted in a spill of over
3.4x10% p° and a subsequent fire near the Galvescon, Texas harbor entrance
(Kana. and. Thebeau 1980). Since the data from these 28 startians caanot be
compared to equivalent biological data from any ocher samplicg periods, the
results from these stationms will be discussed separacely in Appendicas
9.3.1: and %.3.2.

4,2 Msthods and Approaches
4.2,1 Sampling

Senthic samples were collected with a Smith-iclntyre 0.1 a? grab. Six
grabs were taken for biological and sediment samples ac eacn of 12 scatioums
(three each on four transects rumning roughly perpemdicular to tne deach)
selected by the BLM (Figure 4=1, Table 4-1) and am aaditional gras
furnished chemical and sediment samples. Station numbers used in cthe STOCS
program were retained for continuity. The bioclogical 3Tad sawplas ware
sieved through 0.3 mm screen on board, and biota preserved im 3-104 neutral
buffered formalin and dyed with rose bemgal to hignlight amimals during the
sorting process in the laboratory.

4.2.2 Anglvtical

& total of 72 grab samples from 1979 and 72 Ircm 1980 collectiocas (12
stations x 6 replicates for each year) were analyzed 1o tue 14D0TECITY.
Analysis included identification and enumeration of all iadividuals to the
lowest possible taxom. All species identified were independently veriiied
by specialiscs outside LGL. Many species (especially :thuse for which
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Table 4~1. Station locations and depths.

BLM/STOCS
STATION NUMBER DEPTE (m) LATITUDE (41) LONGITUDE (W)

1=4 10 28914 96929
I-1 18 280121 96927
I=2 42 289141 90291
1I-1 22 279401 959591
II-4 36 27934 %9350
1I-2 49 27%30° 96945
IIT=4 15 260958" g7c2¢!
III~-1 25 260581 97911
III-5 40 26053" 97902
IV=4 15 26910 97908
Iv-1 27 26°10° 97901 "
V-3 37 26°10¢ %6954
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current tazomomy is incomplete or in dispute) were verified by the same
personnel responsible for idencification of the STOCS samples, to ensure
continuiry between the LGL study and the baseline research.

It was not always possible to identify each taxon to the species
level, as a number of previously undescribed species, or damaged or
incomplete individuals or immature forms were collected. In several groups
of organisms, taxonomic problems and limitations onr resources precluded
detailed idemctification during both the STOCS aad the LGL programs. I& was
necessary to prevent taza which were, e.g., previously grouped together
from seeming suddenly to become common and the group to become absent, or
vice versa. Whenever appropriate, therefore, taxa were grouped per STOCS
identificatriocns in statistical analyses comparing different sampling
periods, to avoid spurious appearances or disappearapces. A permaneat
reference collection was prepared from the 1979 and 1980 samples for
deposit in the U.5. National Mussum to aid in future taxcpomic
clarification.

Taxa that were present in the samples but kmown to be mactoinfaunal
incidentals, such as {wholly planktomnic forms) and various fish {which were
Bot collected qualitatively by the sampling methods used) were not included
iz the stacistical analyses (Table &4~2).

While it would bave been ideal to compare samples taken at each
station at the same time of year, the 1976 and 1977 STOCS winter and fall
samples were taken during January-February and September-October,
respectively, and the 1979 and 1980 samples were collected in Hovember and
December, respectively. The chronology was, thus, winter 1976, fall 1976,
winter 1977, fall 1977, November 1979, and December 1980. The month of
collection is specified for 1979 and 1980 samples throughout the report
(racher tharc "winter" to avoid cenfusion with the 1976 and 1977 STOCS
winter samples, which did oot directly overlap the 1979 and 1980 collection
periods. The oumber of replicate grabs takem during the f£irst year of the
STOCS program was also not equivalent to later samples (four vs. sixz).
Since the STDCS dacta indicated "significanct temporal variation..in numbers
of individuals™ (Holland et al. 1980), statistical comparisons were
restricted to 1980, 1979, and fall and wincer 1977 apd 1976 samples.

Statistical analyses included comparisons between sampling periocds
withino stations, and comparisons between statioms within sampling periods.
Correlation analyses were performed on a taxon-by-taxon basis with sediment
texture indices and total organic carbom (TOC) for all sampling periods in
which TOC values wvers available in the STOCS data base. Cluster analyses
vere used to elucidate groupings of taxza, stations and time periods, and
sediment types.
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Table 4-2. Checklist of invertebrate taxa believed to have been
igcidentals or not macroinfaunma {e.2z. planktonic forms) and
fish, consequently ouitted from datz amalysis for 1975=-1980
samples.

FRYLUM ARTHROPODA
CLASS Crustacea
SUBCLASS Copepoda

Order Calanocida
Acartiz danes
Acartis tomsa
Acyocalanus 1 ic is
Aetidius a us
Lalagopia americana
Candacia curca
Centropages velificarus
Clausocglanus furggatus
Euatideys ziesbrechti
Eucglapus pilegfus
Hereroyhabdus papilliger
Labjdocers azestiva
Labidogsra cf. scotgi
Lucicuria flavicornij
Paracalapus cragsirosgris
Iemora fuzdinata

Order Cyclopoida
Corycaeus speclosu
Sgpoharina pigropaculata

Order Caligoida
Caligus sp.

SUBCLASS Malacostraca

Order Asmphipoda
Byperiidae
Eyperia spinigers

Urder Euphaunsiacea
Ihvsanopoda orientalis

Order Decapoda

Sergestidae
Oplophoridae

Miscellaneous larval oplophorids (upid.)
Stenopodidae

Miscellaneous larval stenopodids (ur:d.)

Miscellaneous larval brachyurans (umid.)

Hiscellaneous larval anomerans (uaid.)
Albuneidae

Miscellaneous larval Albupes spp.

PHYIUM CHORDATA
CLASS Hemichordata
Bemichordate (unid.)
CLASS Cephalochordata

Branchiostoma caribaeug
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Table 4=2 {conr'd)

CLASS Vertebrata

Muraenidae

Gympothorax nizromarginatus
Congridae

Beoconggr pucronatis
Ophichthidae

Eghiophis sp.

Ophichthus gomesi
Bregmacerctidae

Bregmaceros Lcus
Ophidiidae

Lepophidiug graellsi
Sciaenidae

Micropogon undulacus
Gobiidae

Gobiosoma longipala
Microdesmidae

Microdesgus lanceolagus
Cynoglossidae

Symphurus sp.
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The biological data were not nermally distvibuted, and the large
amount of peterogeneity present in the data set led to significant firsc-,
second-, and third-order interaction terms in parametric analyses of
variance {(ANOVA's). Consequently, comparison tests for central tendency
(e.g. wmedian abundance of taza within stations over time) were rescricted
to nonparametric procedures such as the Kruskall-Wallis one-way and
Eriedman two-way ANOVA's (Friedman 1937, Kruskal and Wallis 1952).
Kendall's Tau was used for correlation apalyses (Kendall 1938).
Czekanowski's Quantitative Index (= Bray-Curtis Iandex) was used to assess
similarity im the cluster analyses, as it accuracely describes overlap
without regard to data distribution (Bloom 1981). Commumity summary
statistics included the Shannon~Weaver functiom based on natural logs
(Shannan and Weaver 1949) as a diversity index (B"), and Fager's (1972)
scaled form of ', called V' by Pielou (1977) to describe avenness.
Although somewhat less familiar than Pielou's (1966) evenness iadex J', V'
is more appropriate than J' for comparisen of samples wich different
sumbers of individuals and taxa. As a practical macrer, V' and I'
typically respend similarly te community <hanges.

It was aecessary to reduce the number of taxa during data amalysis to
statistically tractable and conceptually manageable proportions. The
grsat majority of the 378 taxa seen during the STOCS program and in the
1979 and 1980 samples were rare, veprasented by single appearances or very
low abundances. The emtire data set ipncluded 65,166 individuals. Thoe
decision was made to focus attentiom on a Tastricted set of oumerically
dominant taxa. A rarefaction curve (Figure 4-2) demoustrated that 72 of
these taxa (12.57 of che 576 taxa seen) included 36,584 individuals, 872
of the total, using a minimum cutoff level for inclusionm of J.2% of 63,166
{i.e2s 130 individuals). Even a rather more rastrictive iaoclusion cutoif
level of 1% of 65,166 (i.e. 851 individuals) excluded all bur 18 taza (32
of the.576 caxa seen} and still included 39,999 individuals, 61X of che
total. Numerically dominant taxa were arbitrarily defined by use of these
two curoff poimts: 0.2% of the :total overall 65,166 for amalyses which
included all stations sznd sampling periods, and lX of the toctal at eacn
station for station—-by=station descriptions. Figures bdased om eitner

a1

cutoif bear the aotatioas "I cutoff™ or "0.2T cutofi™ in theixr legands.

For simplicity and comsistency, numerical abumdance data were
prasented in terms of actual numbers of imdividuals c¢silected, rataer zhan
as extrapolated values. For example, to comvert demsiry to aumbers per
metre square, it is necessary to multiply the count per station=period
(i.e. six grabs) by 1.66. Sediment texXture parametaers wWere depictad
graphically using the triangles of Buckanzm and Raiaz (L1371)

43 Results

15L, ideptified 2567 caxa of macroinfaunal iavertebraces in tae 13765
and 1980 samples (Table 4=3). The sumbers of taxa icactiiied ac all 12
stations taken together showed major changes from one sampling period to
the nexz (Figure 4-3). Statistically significanc dziZereaces (P < 0.03)
in numbers of caxa identified separated the 1979 and 1980 sampling periods
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Table 4=3. Taxonomic coecklist for 1979 and 1980 LGL samples. Equivalent
University of Texas (STOCS) names are in parentheses.

PHYLUM CNIDARIA
CLASS Hydrozoa
Suborder Gyanocblastea
Tubularidae
Ectopleura grandis (Tubularia sp.=—0T)
Suborder Calyptoblastea
Campanulinidae
Cajycells syringa
Lovenells grandis
CLASS Anthozoa
Miscellaneous octocoral polyps (unmid.)
Order Gorgonacea
Leptogoreia segacea (gorgomian, unid.—UT)
Order Pennmarulacea :
Virgularis mizabilis (sea pem, unid.—TUT)
Renillidae
Renilla mulleri
Order Zoanthidea
Palythoa texaensis
Miscellaneous zoanthariaas (unid.)
Order Actimiaria
Actiniarian sp. A
Miscellanecus anemones {umid.)
Order Ceriantharia
Ceriantharian (unid.)

PHYLUN HEMERTINEA
HMiscesllaneous unemerteans (unid.)

PHYLUM NEMATIODA
Miscellaneous mematodes (upid.)

PHYLUf ECTOPROCTA
Bugula sp. (Bryozocams, unid.—UT)

PHYLUX PHORCONIDA
Miscellaneous phoronids (unid.)

PHYLUM BRACHIOQPQDA
Liagulidae
Glottidia pvragidata

PEYLG MOLLUSCA
CLASS Gastropoda
Vitrinellidaze
Cvclostremiscus pentasgogus
Ficrinells floridams
Melanellidae
Liostraca biligeata
Aclididae
Bermudaclis sp.
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Table &4=3 (cont'd)

Naticidae
Hatica pusilla
Po ig¢es duplicatus
Sigum gaculatum
Sinum perspectivum
Columbellidae
achis gvara
Anachis obesa
nachis pulchella
Buccinidae
Cantharus gcancellaria
Hassariidae
Nassarius acutus
Olividae
Oliva savaga
Olivella dealbata
Turridae
Rurtziella ceripella
Terebridae
Terebrz protexta
Pyramidellidae
Odostomia acutideps
Pyramidells cpenulata
Turborilla jigterTu
Cylichnidae
Cylichnells bjidentata
Retusidae
Volvu a2 persimilis
Volvulells texasjiana
Aglajidae
Aglaiz sp. nov.
Order Hudibranchia
Corambidae
Doridella obscura
CLASS Scaphopeda
Siphonodentaliidae
Cadulus caroljnensis
Dentaliidae
Deptalium eboreum
Dentaljup texasjanum
CLASS Pelecypoda
fuculidae
Nucula aegeensis
Nuculanidae
Hu ana acuta
Nucujlang comcentrics

Arcidae
Apadars ovalis
Apadara transversa
Arcopsis adamsi
Lucinidae

Lucina amiantus
Parvilucina multilineats
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Table 4=3 (cont'd)

Ungulinidae

Diplodonga cf. punciaca
Cardiidae

Lagvicardjug laevigasum
Tellinoidae

Macoma tents

Macoms Sp.

Tellina zeguistriara

,Tellipa wersicolor
Semelidae

Abra aequalis
Veneridae

Chiong clenchi

Chione zZrus

Dosinia discus

Pitar cordagus

Petricolidae
Pecricola pholadiformis
Corbulidae

Cordula caribaez
Coroulg dietzisna
Corbula sp.
Varicorbula disparilis
Gastrochaenidae
Gastrochaena hians

Periplomatidae

Perinloma iggguale

PHEYIUM ANNELIDA
CLASS Pblychaeta
Polynoidae
Eunce nodulosa
Lepidasthenia maculata

Eulepetnidae
Grubenlepis mexicana
Polyodoncidae

Polvodontes lupina

Eupanthalis kipbergi
Sigalionidae

Sthepelals limicola

Thalanessz sp. &
Palmyridae

Bhawaniz zoode:
Amppinomidae
Phyllodocidae

Eteone lactea

Phvllodoce pucosa
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Table 4=3 (cont'd)

Pilargiidae
Ancistrosvllis ¢ nsalis
Ancistrosvllis jomesi
Cabiza jncerta
Litocorsa stremma
Pilarzis berkelvae
Sizampra bassi
Sigzambrs fepntaculata

Sizgmbra wassi
Hesionidae

Gvptis brevipalpa
Syllidae

Exggene dispar
Exopone ve era
Hereidae
Ceratocepnale sp.
Ceratonereis jrritabilis
Nereis of. grayii
Nersis e sa
Nereis micromma (Nereidae [Micor} sp. a—TT)
Nereis succines
Nereis sp. D
Nephtyidae
yphamus verrilli
Nephtys jncisa
Hephtys picta

Glyceridae
Glycera americana
Glycera sp. A
Goniadidae

Goniada littores
Ophjoglycera sSp.
Ophiozlvcera sp. A
Eunicidae
dzrpnysa sp. A
Onuphidae
Digpatra cguprea
Onuphis ¢f. quadrjcuspis
Oguphis sp. A
Onuphis sp. B
Onuphis sp. C
Lumbrineridae
Lumbrineris cruzemsis (L. cf. magalhaensig—0T)
Lumbrineris ernesti (L. tenuis—UT)
Lumbrineris januarii

Lumbrineris sp. nov. (L. parvepedata—{T)
Hinoe njgripes
Arabellidae

Arabells iricolor
Drilonereis magua
Dorvilleidae

Schisromeringos rudolohi
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Table 4~3 {comnt'd)

Spionidae
Apopricnespio pygmaes

Laonjce cirrata
Halacoceros sp.
Paraprionospio pinnata
Priopospio cirrobranchiata (Miguspjo girzrifera—UT)
Pri . " .
Scolelepis sp.
Soiophanes bopbvx
Magelonidae

Magelona cf. sacculata

Chaecroptaridae
Spiochaetopterus cogstarum gculsfus
Cirratulidae

Chaetozone coropa (C. setosa-=UT)
Iharwvx mariony
Tharyx setizers
Ibagryx sp.
Heterospionidae
Beferospio lomgissima
Cossuridae
Cossura delra
Orbiniidae
Baploscolonlos folipsus
Haploscoloplos fragsilis
Sc i Tubra
Paraonidae
Aricidea finj]
Arigidea fr
Aricidsa &
Arjcidea sp.
Paragnides lyza
Paraonmis racilis
Opheliidae
Armandia agilis
Arpandia maculara

i

Capitallidae
Capigella capitata

HMediomastus califorpiensi
Yigtonastus hemipodus

Noromastus cf£. latericeus
Maldanidae

Ciygenejls torguata

2roclvmene sp.
Oweniidae

Owepia Susiformis
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Table 4~3 (eont'd)

Sabellaridae

Pectinariidae
Pectiparia gouldid

Ampharetidae

Agpbarece acutifrops

Ampharece parvijdentata

Isojda pylchella

Melinna maculata
Terebellidae

Loimia viridis

Pisca quadrilobags

Polvcirrus cf. carolinensis
Trichobranchidae

Jerebellides stroemil
Sabellidae

Chone filicaudata

PEYIUM SIPUNCULA
Phascolipn sp.

Miscellaneous sipunculids (uni

PHYLUM ARTHROPODA
CLASS Crustacea

SUBCLASS Ostracoda
Miscellaneous ostracods (umid.)

SUBCLASS Malacostraca

Order Mysidacea
Apchiglina tvpica
Bowpanjella brasiliensis
Bowmanislla floridana
Bowmani ¢f. portoricensis
Metamysidopsis swifti
Mysidopsis bizelowi

Order Cumscea
Cvclaspis puscuiata
Cyclaspis varjans
Cyclaspis sp. B
Eudorella monodon
Ozvurgstylis sp.

Order Tanaidscea
Apseudes sp. A
Kalliapseudes sp.
Iyphlapseudes sp.

Order Isopoda

Anthuridae
Xepnanthurz brevitelsen

Idoteidae
" Edotes gontosa

achsonelis attenuata
Sphaeromatidae

Ancinus depressus
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Table 4~3 (cont'd)

Order Stomatopoda
Squjilla eppusa
Squilla neslecta
Order Ampuipoda

Caprellidae

Paracapr pusills
Ampeliscidae

émpeliscs abdita

Agpeliscs verpilli

Agpelisca sp. B

Agpelisca sp.
Melitidae

Eriopsja sp. B
Qedicerotidae

Monoculodes nvei (Monoculpdes sp. B—UT)

Svnehelidium amerjcapum
Corophiidae

Cg;ggus S'P.

Ericbthonmius brasiliegsis

Grapdidiezella sp.

Neowmegampiiopus sp.

Photis gelapicus (Phogis sp. B—UT)

Unciols sexyaca
Lysianassidae

HBippogedon ¢f. gserratus
Bateidae

Bacea sp.
Synopiidae

Tiron tropakis
Liljeborgiidae

Lisgziella barmardi

Listriellz sp. 4

Phoxocephalidae
Trichopnoxus floridanus (Paravhoxus 2pricomus—UT)
Haustoriidae

Acanthohaustorins gillsi
Platvischnoous Sp.

Protohaustorrus bousfieldi
Stenothoidae

Parzmetropella texepsis
smphilocnidae

Amphiloeinad sp. A
Order Decapoda
Penaeidae
Pengeus sp.
Trachvpenasus constricrus
Irachypepaeus SPe
Sicyomiidae
Sicvonia dorsalis
Sergestidae
Acetss zmericanus
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Table 4~3 (cont'd)

Pasiphaeidae

Lgprochela serzatorbica
Palaenonidae

Pontonia sp.
Alpheidae

Alpheus sp. A

Alpheus sp. B

Automate sp.
Hippolytidae

Lagreutes parvulus
Ogyrididae

Ogyrides limicola
Processidae

Brocessa sp.
Callianassidae

Callianagsa biformi
Upogebiidae

Opogebiz affinjs
Porcellanidae

Porcellanma sayana
Paguridae

Pagurus cf. bullisi
Albuneidae

Albuggs gibbesi

Albunea pazetil
Calappidae

Hepatus gpheliticus

Osachila sp-
Leucosiidae

Persephona crinita

Perseppona medjterranes
Mzjidae

Libinia emarzinata
Portunidae

Portupus gibbesii
Zanthidae

Bexapanopeys angustifrons
Goneplacidae

Exevillea barbata

Glyptoplax smifbi

Spegcarcinus lobatus

Speocarcipus sp.
Pinnotheridae

Pigpixa cf. retigegs

Pionixa sp.

FPHYLOM ECHINODERMATA
CLASS Opiniurvidea
Amphiuridae
Amphiurs stimpsoni
Micropholis atza
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Table 4=3 (comt'd)

Ophiactidae
Zepioholis zaga

CLASS Echinoidea
Qrder Clypeastercida
Melitidae
Melliga guinquiesperforgta
Order Spatangoida
Schizasteridae
Mojrz atropes
CLASS Holothuroidea
Order Dendrochiretida
Cucumariidae
Pentamerz pulcherrima
Ihione pexjcana
Order Apodida
Synzptidae
Protankvra <£. bepedeni
Qrder Molpadiida
Bolothuriidae
Hojothurig cubanma
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from the fall 1976 znd winter 1977 sampling perieds, with winter 1976 and
fall 1977 sampling periods falling between the two vairs (Figure &4-44),
Winter 1976, 1979 and 1980 samples included fewer taxa than did the other
three sampling perieds. Mamy taxa were present in wore than 1 sampling
period (Figure 4-3), although most were collected only once (20l taxa) or
twice (116 taxa). There were many significant differences in aumbers of
macroinfiunal taxa identified from ome sampling period to the next, withinm
statiors {Figure 4=4B).

The numbers of individuals of macroinfaunal taxas collected at all 12
stations taken together changed sharply from one sampling period to the
next (Figure 4=6). Many of the less common taxa were extremely rare. For
exaople, 105 taxa (18X of the ctotal 576 taxa included im this study) were
represented by only one individual; five or fewer ipndividuals were
collected for 249 taxa (4321 of 576). The 1979 and 1980 samples included
fewer individuals than did any of the other sampling periods. The
Friedman two=way ANOVA for all scatioms together by sampling period
(Figure 4=74) highlighted 3 distinct break in abundance, with 1979 and
1980 samples baving relatively low numbers of individuals, and wiater and
fall 1977 sampling periods having relatively high aumbers of individuals.
The two sets of time periods differed significantly, sharing one sampling
period (wipter 1976) with intermediate abundamce betwaen the two. Withinm
staticms, there vere also many stacistically significant differsncas from
one time period to the mext in the abundance of oumerically dominant taxa
(Figure 4=73).

The stromgest associations between sampling periods in terms of
numbers of taxa identified (basad om numbers of noa-sigaificamc (P > 0.05)
pairs in the Kruskal-Wallis ANOVA) were those between the three sampling
periods having highest numbers of identified taxa: fall 1976, winter
1977, amd £all 1977 (four pairs eachl. This may be seen in Figurs 4=3, a
derivative of Figures 4~4 and 4~7, in which the oumbers wichin each shaded
square equal the oumber of times two time periods were connected by an
vnbroken line (i.e. a non~sigmnificant difference) in Figure 4=43 or 4~7B
(top and bottom, respectively, of Figure 4=8), Ocher less freauent
pairings included winger 1976 with wincer 1977, winter 1976 with fall
1977, and 1979 wich 1980 (two pairs each). The strongest associations
between sampling periods in terms of numbers of individuals were bectween
fall 1977 and winter 1977, and fall 1976 and wiater l%J7 (five pairs
each), Other less strong assoclations were between winter 1976 and wintex
1977 (four pairs); fall 1976 and fall 1977, and 1979 and 1980 (three pairs
each); and between winter 1976 and fall 1976, winter 1978 and fall 1977,
wincer 1976 and 1979, and wincer 1976 and 1980 (two saics each).

Wnen all stations were grouped together, the relative »roporticas of
nunbers of iadividuals of each numerically domiman:t <axos (Figure 4-0)
remained fairly comstant. The polychaetas iagelonas phviirsae
(Magelonidae), Llumbrineris sp. nov. (Lumbrineridae), and Parapriongsmic
pinnary (Spiomidae); and miscellaneous unidentified sipunculids and
nemerteans were consistent components through time. The relacive
proportions of each major group of taxa (Figure 4-10) Zor 31l stacions
together also were rather stable. Deposit feeding and carmivorous or
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Figure 4-4. Non-significant differences (P>0.0S5) (underlined) in numbers
of taxa for all stations together [a] (Friedman two-way
ANCOVA) and for individual stations (b] (Kruskal-Wallis
ANQVAS; 1% cutoeff within statiens), by sampling period.
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Figure 4-3. Numoer of taxa ocsurring in one or mors sampling pericds.
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Figure 4-6. Number of individuals at all stations together
lsix 0.1 m? grabs/station x 12 stations = 7,2 m<)
by sampling period.
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oEC NOV  WINTER WINTER FALL  FALL
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o NV WINTER  WINTER ALl FALL
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-7. Non~significant differences (P>0Q.05} (undeslined) in numbers
of individuals for all stations togather (A} (Friedman =wo-
way ANCVRZ); and for individual sweaticns (3} 'Kruskal-Wallis
ANCVAS; 1% cutcif within stations), sv saagiinc neriod.
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AFlgure 4-8.

Agsociations between sampling periods for numbers of
individuals (top) and numbers of taxa (bottom), based
on total non-significant (P»0.CS) pairs between time
periods (numbers within shaded areas) in the Xruskal-

Wallis ANOVAS (1% cutoff within stations): see text for
explanation.
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by sampling period (1% cutoff).
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omzivorous polychaetes were most important, followed by amphipods,
molluses, sipunculids, aad nemerteans. However, large fluctuaticms in the
abundance of any given taxon and even of the major groups of taxa were
common it most stations f{rom one time period to the next (Figures 4~-11
through 4-34).

Diversity (B") for all taxa together showed its highest values during
fall 1977 (4.13), £all 1976 (3.97), and 1979 (3.95), Winoter 1977, winter
1976, and 1980 values were 3.86, 3.55, and 3.14 respectively, viewing all
stations together (Figure 4=35). Evenness (V') was highest ia 1979 (0.74)
and fall 1977 (0,70). Fall 1976, winter 1977, wintar 1976, and 1980
showed lower values (0.67, 0.6, 0.63, and 0.62 respectively). On a
station~by-station basis, changes in numbers of taxa and individuals were
accompanied by a variety of respouses of H' and V%, raanging from
simultaneous increases or decreases in both indices, to increases or
decreases in one or the other index without a comcordant change in che
other (Figures 4~36 through 4=47, Table 4=4). A test for incermal
comsistancy was performed on both indices to confirm that they wers acting
on the data set in the manner for which they were designed. The tes:
results supported the use of the indices, showing that H' was posicively
correlated with numbers of taxa (sigm test p = 0.01) bur was independent
0f changes in overall oumbers of individuals, and that V' was neirther
correlated with numbers of indivicduals nor with numbers of taxa.

When cumerically abundant taxa were grouped into two presence/absence
association diagrams, one focusing upon station groupings with depth and
the other upon sampling periods (Figures 4~48 and 4-49 respectively), a
nunber of trends wers resvezled. The taxa listed in both diagrams are
presented in order of imcreasing average depth of c¢collection (top to
bottom).

Figure 4=48 is divided into six ipdividual rectangular grids, one per
sampling period. The norizoatal scale within each sampling period lists
stations by increasing depch (left to zight). Thus, taxa preseat (+)
primarily a2t shallow stations appear at the upper lefr of eacn of the six
rectangular grids, while those present primarily at deeper scations appear
toward the bottom right of each grid.

Figure 4-49 displays presence/absences dara grouped iucio twaive
reccangular grids, each of which represencs a single statioum. Statioms are
ordered by increasing depth (left to rvight). The horizomtal scale wichin
each station lists sampling periods in chromological sequence, from winter
1976 ("1™ through 1980 (“6"). Thus, taxa that were cs=mo= at shallower
stations appear toward the left side of Figure 4~49, while those common at
deeper stitions appear toward the right side. Taza mos:t Zrequently Zound
iz deeper water appear toward the bottom of the figure, waile tiaose

resirizied to shallow water appear toward the top of zhe Zigure.
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