and winter amd fall 1977. In 1979, the number of taxa had dropped to 22,
and further declined to 15 im 1980, Overall, Animal Group D was second in
terms of total number of individuals (12,837); Erom fall 1976 through fall
1977, 10,360 individuals of Animal Group D taxa were collected. In fall
1977, Animal Group D individuals constituted 31% of the total sample; in
the remaining sampling periods, Animal Group D was roughly comstamt in
percentage abundance (range = 192 - 23%), except for 1980, whern Animal
Group D dropped to 6Z of the total number of individuals collected. The
cumbers of individuals per taxon inm Animal Group D show a similar patrerm.
In £all 1977, Animal Group D was third in pumber of individuals per taxon
(121) at its highest value; in fall 1976 and winter 1977, the number of
individuals per taxon remained roughly the same (106 and 94, respectively);
lower values were recorded in wincer 1976 (355), 1979 (25), and 1980 (12},

Animal Group B included eleven 2axa; all eleven were present iz fall
1976, winrer 1977, and £all 1977, but two wvere absent in winter 1576 and
five were missing from 1979 and 1980 samples. Overall, Animal Group B was
third in cerms of numbers of individuals (6,645), largely as a result of
high abundamces in fall 1976 and winter 1977. In winter 1976 and fall
1977, animal Group B was reduced by about half its maximum value (fall
1976, 2442 ipdividuals), and im 1979 and 1980 the abundance of Animal Group
B was about an order of wmagnitude less than its maximum value bad been.
Bowever, Animal Group B taxa constifuted a relactively stable proportiom of
the total pumbers of individuals present from winter 1976 through winter
1977 (132 - 15Z); after this period of conmstancy, &nimal Group B declined
in perceuntage of individuals to 8% (fall 1977) and then to 62 (1979 and
1980). .In winter and £all 1976, Animzl Group B was second in sumber of
individuals per taxon (110 and 222, respectively). Animal Group B had its
higbest number of individuals ip fall 1976. In subsequent sampling periods,
Group B suffered a steady, wmonotonic decline in number of isdividuals per
taxon, dropping to £ifth place by 1980 with omly twelve individuals per
taxon. Animal Group B was composed of two suspension feeding bivalves
(Diplodonta cf. soror and Lucina amiantus); twe omuiverous polychaetes
Aglaophagus verrilli and Lifpocorsa stremmg; and eight detritovores and
deposit feeders, including three congeneric tube-dwelling amphipods
‘4apelisca agassizi, A. cf. cristata and Aopeliseca sp.), the tanaid
Apseudes taviori, and the polychaetes Agpicidea tavlori, Prionospio
grisgata, and Clvmegella forquata (a tubicolous maldanid polychaete).

Animal Group F included ten taxa; all ten were present from winter
1976 through f£all 1977; in 1979 and 1980, seven and eight taxa
(respectively) were collacted from Animal Group F. Animal Group F was
fourth in terms of numbers of individuals (3,852); Animal Group F taxa were
most abundant in fall 1976 (1373), less common in winter 1977 (887) and
£all 1977 (715), and roughly equal in abundance in winter 1976 and in 1979
and 1980 (352, 225, and 300, respectively). Om a percemtage basis, though,
Animal Group F was most important in 1979 and 1980 (10Z and 3% of the
individuals collected, respectively), and ranked third overall for both
years. 1In other sampling periods, Animal Group F ranked fourth in ovezall
abundance, ranging fyom 5% -~ 8% of the total mumber of individuals
collected, Amimal Group F fluctuated comsiderably in number of individuals
per taxon, ranging from a high of 137 in fall 1976, when it ramked fourth
overall in number of individuals per taxem, to a low of 32 in 1979, waen it
Tanked third overall in number of individuals per taxon. In wincer 1977,
Animal Group F bad 89 individuals per taxon (ranked sixth overalll), 72 in
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tall L39// (raoked Iilth overall), and 35 and 38 per taxom im winter 1976
and 19830, respectively (ranked fourth overall im both sampling periods).
Animal Group F included three taxa of omnivorous or carnivorous
polychaetes: Ninoe pigpipes, Sizambra tentaculata and Nephtys incisa.
Animal Group F also included the gastropod Hyala sp. A. The remalning taxa
in Animal Group F were deposit feedars, and included the tubicolous
amphipod Ampejisca abdita; the polychaetes Magelona longicormis, Cossura
delta, Notomastus e¢f. latericeus, and Armandis maculata; and the cumacean
Eudorella zonodom.

Animal Group C included only five taxa: the gastropod Yicripella
floridiang, the corophiid amphipod Photis macromanus, the cirratulid
polychaete Tharyx annulosus, the spionid polychaete Prionospio steemstrupi,
and the pelecypod Nuculana acuta. All were present from fall 1967 through
£all 1977, while Tharvx was absent in winter 1976, 1979 and 1980 and Phoris
was abseat in 1979 and 1980. All taxa in Animal Group C are deposit
feeders, with the possible exceptiom of Photis, which is a zubicolous
suspension feeder as well as a surface decritoveore (Biermbaum 1979).

Animal Group C was fifth in abundance overall (1,329 individuals). In
fall 1976, when Animal Group C was at its pegk, it coustictuted 4% of che
total oumber of individuals of all taxa collected, thus ranking fifth among
the groups. At that ctime, Animal Group ¢ also nad mere individuals per
taxon (130) than in any other sampling period. Ia wincer 1977, the number
of individuals and the number of imdividuals per tazom iz Animal Group C
dzopped to 509 and 102, respectively, but Animal Group C still comprised 4%
of the total number of individuals of all taxa collected. In fall 1977,
the gumber of individuals decreased to 232, 2% of the total for all
samples, aod the number of individuals per taxon fell to 46. Amimal Group
C only made up 1% of the total number of individuals of all taxa for all
samples in the other three sampling periods (73, 39, and 27 for winter
1976, 1979, and 1980, respectively). During these three periods, the
numbers of iadividuals per taxzon were the lowest recorded for any group:
18, 13, and 9, respectively. Animal Sroup € taxa were most common as an
assemblage in Station Group 2 stations, a oearshore sat of three sandy
shallow sites {(10-15 m deep) and ome sandy deeper sife (27 m) oiclogically
@most similar o onme another ia 1976 and 1977 (Figure 4—-40).

Anizmal Group E iocluded only three deposit~feseding polychaete caxa:
the paraocnid Paracpis sp. A, and che maldanids aAsvehis elopgata and asychis
sp. They were collected in the first four sampling periods, buf vere not
seen in 1979 or 1980. These taxa together imcluded 1,630 individuals, thus
ranking sixth overall. Iao winter 1976, chey were relatively uncommon; only
31 individuals were collected, and the number per taxoa was ten. Iz Iall
1976, winter 1977, and fall 1977, Animal Group E was quite constant in
numbers of individuals (512, 3574, 533, respectively) and numoers of
individuals per taxom (171, 191, 178, respecrively), and zmountac to 3Z-4Z
ef the total onmber of individuals of all taxa collected per sampling
period. Animal Group E taxa were scattared through Stacion Groups 2, 3b,
and 3¢ statioms, which span the range from the shallowesc, sandiest sites
to the deepest, muddiest sites,

Apimal Group % ineluded only the predatory gastropoa Hatica pusilla.

Naticz was collected only in 1979, when it was quite rare (four individuals
seen) and in 1980, when 686 individuals were collected, 24% of the toral
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number of individuals of all taxa collected, 4animal Group H ranked seventh
overall in abundance among the groups, but Ln terms of aumbers of
individuals per tazom was ranked first in 1580. HBarieca was most common at
Station Group 4a stations, three sandy and silty—clayey sand statioms, and
at two Statiom Group 4b stations, one wmuddy amd the other sanay.

Animal Group G included only the deposit=feeding synaptid bolothuroid
Protankvra <f. benedeni. Protapkvra was collected only at a single station
(I~1, having silty-clayey sand, depth 18 m) and only in 1980, woen 225
individuals were seen, 8 of the total mumber of individuals of all taza
collected. Animal Group G rvanked eighth overall in abundance among the
groups, but in terms of numbers of imdividuals per taxom, was ranked second
in 1980.

Animal Group I ineluded only the omunivorous or carnivorous lumbrinerid
polychaete Lumbrineris grugensis. Lumbrineris cyuzensis was rare in fall
1977, when nine imdividuals were seen. It was more abundant in 1979; 125
individuals were found, 4% of the totzl number of individuals of all taxa
collected. Lupbrineris crugzemsis was not ¢ollected in any other sampliog
period. Animal Group I ranked last overall in abundance among the groups,
but inm terms of numbers of individuals per taxon, was ranked.second in
1979. 1t was most common at Stations IV=1l, IV=d, and ITI-4, three sandy
sites,

There were major differences between sediment taxture between
stations {Figure 4~67). Within stations, however, sediment texture
indices based on the standard definitions of samd, silt, amd clay (cf.
Folk 1980) showed no statistically significant differences from ome time
period to the mext (Friedman two-way ANOVA, p>0.05). Honmetheless, in very
few cases did sediment texture remain coustant in different sampling
periods. For example, Statiom I-4 shifted toward muddier sediment in 1980
compared to previous years; Station II-l became more silcy in 1980 and
Stations II-4, III-1, and IV-5 becazme more clayey im 1980.

The distributions of a oumber of agumerically dominant taxa wers
correlated with ome or more of the sediment texture indices (Table 4=~5).
The most commoz patterm was a statistically significanc (p<0.05) positive
correlation of abundance with the relative proportionm of larger particles,
and a significant negative correlation with the relative proportion of
fine particles, Forty-one taxza (57% of 72) were positively correlated
with mean grain size, Forty~nine taxa (682 of 77 dominants) were
positively correlated with the ratio sand:mud; i.e. the ratio of macerial
made up of particles >0.0625 mm in size ("sand") to that of smaller
fractions {"zud")., Forty-nine taxa were positively correlated with
percentage sand. Fifty=five taxa (76X) were negatively correlated with
either percemtage silct or percentazge clay, or both. Fifty-seven taxa
(79%2) were negatively correlated with percentage of particles less than
0.001 um in size. In most cases, taxa falliog in this group showed both
negative correlations with indices of fime particles and positive
correlations with indices of coarser particles; 15 of these taxa also were
negatively correlated in abundapce with TOC.

Several numerically dominant taxa showed am ioverse of this patterm,

their abundance being positively correlated with indicas of finme particles
and negatively correlated with indices of coarser particles. Four taxa
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Table 4=3, Results of correlation amalysis of abundance of numerically
dominant taxa (0.2% cutoff) with sediment parametsrs.
ratic sand:zud (mud = silt+clay+fimes); fines = particles <
0.001 nm; TOC = total orgamic carbom; + or — = statistically
significant positive or negative correlation (P £ 0.05); no

symbol = mo statistically significant correlation.

Taxon

Abra aequalis
Aedicira belgicae
Aslaophamus circipata
Aslsophamus verzilli
Agpelisca abdira
Ampelisca agassizi

2 iscz ¢f, gristata
Amvelisca sp.
Agpelisca yerzilli
Anadara transversa
Apoprionospio pygmasa
Apseudes sp. A
Aricidea jeffrevsii
Aricidea taylozi -
Aricidea wassi
Arcandia maculaca
Agvehis elonzara
Asvyehis sp.

Caecum pulchellum

Clvmenella forguats
Corbula swifriana

Cossura deltz

Dipoatra cunraa
Diclodonca <f. gorar
Eucorslla monodon

Byalz sp. &

Isolda pulchella
Listpiells barpagpdi
Litocorsa stremma

Lucing zmiatus
Lupbrineris gruzensis
Lupbrioeris sp. QOV.
Lumbripgeris Cenuis.
idagelong lomgicormag
Hag n3 pettiboneae
ilageloga phvilisae
HMagalona rosea
Maldanidae (misc. unid.)
Mediomastus califerniensis
Mipusoio cizrifara

Masicz pusilla

Mean

Grain

Size
-

-

+

+ + + +

+

+ + + + %

COREELATE
b4 r4 4
Sand Silt Clay
- -
+* - +
- -
- - -
-+~
e -
+ -
+ +
- -
- - -
-
- - -
+ -
- -
+ - -
- +
- -
-
+
+ - -
+ -
- + -
- *
- -
+ -
-+ -
. -
+ -
+ -
+ -
-+ -
- - -
+ -
-+ -
+ -
-
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Table 4=3 (comt'd)

Mean
Grain f4 p4 % -
Taxon Size Sand Silt Clay Fines S:M TI0C

Hemertinea (misc. unid.)
Nephtvs iacisa

Nereis micromma

Ninoe nigrivpes
Notomastus of .latericeus
Nuculapa zcutsy

Qnuphnis sp.

Ophiurcidea (misc. uaid.)
Ostracoda (mise. unmid.)
Pzleanotus hetergsata
Paraonidas {(misc. unid.)
Paraonides lvra

Partaonis gracilis
Paraonis sp. A - *

Parapriopnospio pinnata + - -
Phoronida {(misc. unid.) * * - - +
Photis macrowanus + -

Louospio ¢riscaca *
Prionosoio steepscrupi +
Brotapkvra cf. benedeni +
Sjigambra tentagulata +
Sipuncula {misc. unid.) -
Spionidae {misc. unid.)
Spiovhanes bombvx +
Tellina versicolor -
Ierebeijjdes stroemii +
Tharyx apnulosus - - -
Thazvx magioni +
Vitrinella floridans
Xenanthura bresvit on - -
Zoantharia {misc. unid.) - -

b+ & ¥
belot
FF + )+
+ o+
+ 1 + 1
G+ b4
+ 04

4+ 4+ 4
) [
'
t '
|

..-
S 2k I SR
]
]

+ +
1

'
"
+

+ ottt

! ' ]

1 ] 1

+ 4+ o+ +
'

+ +
'
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(6%) were negatively correlated with mean grain size, with the ratio
sand;mud, and with percentage sand; and also were positively correlated
with percentage c<lay, with percentage silc, and with percemtage of
particles fimer than 0.001 om. These taxa were the cumacean Eudorella
monodon, the mageloumid polychaete Magelons lomgicormis, the nephtyid
polycnaece Nephtws incisa, and the lumbrinerid polychaete Nince pizripes.
The gastzopod Hyala sp. A also showed negative correlationms with mead grain
size and percentage sand, and positive correlatious wich percentage clay,
but no statistically significamt relatiomship with either the ratio
sand:mud or percentage silt. Nephtys ipcisa and Nince gigripes were the
only taxa whose abundance was positively correlated with TOC.

4,4 Djscussion

The main goals originally sec for LGL's porziom of the impact
assessment program for the Ixtoc I oil spill were to:

1. Evaluate mid=spill (November 1979) biclogical czonditioms
for the macroinfaunal commupity at 12 scacioms previously
sampled in the STOCS program;

2. Evaluats post-spill (December 1980) bioclogical c¢onditiocus
for the macroinfaunal community at 12 stations previously
sampled in Novemper 1979 and during the STOCS pregrami

3. Compare and contrast pre=spill biological conditioms with
mid=spill and post—spill comditionms feor the macroinfaunmal
community at the same 12 stacions; and, should the data
from the chemiczl porrioc of the impact assessment progrim
permait,

4. Determine whether or not observed differences in
macroinfauna at the 12 statiomns over time (pre—, mid-, and
post—spill) were correlatad with the presence of Ixtoc I
residues.

In fact, Goals | through 3 have been accomplished quite successiully,
largely as a result of the use of standardized sampling mechogolcgy and
coordination between STOCS personmel and LGL staff te keep taxonomic
problems to a minimum. While some large taxa were oot identified to the
species level (e.g. the nemerteans), their appearance im aearly all samples
should not be a source of too much difficulty to biologists who will
recognize these zroups as "catchealls™ made up of wmany species. 'LGL has
had every tazomomic identification at the family level or delow
independently verified, 12 most cases by the same persons who were
responsible for S5TOCS identificatiens.

For LGL to complete Goal 4 would require quantitative informationz on
the relative amounts of Ixtoc I residues at each station. Since :ias
sediment samples collectad om site did not comtain zny deteczable traces of
0il (see Sectiom 2), it was not possible to associzte any biclogical
changes from ome sampling period to the next with the Ixcoc I or 3urzah
Agate spills. Therefore, this report is perhaps best considered co >e am
source of follow—up baseline informarion for 1979 and 1980 om a2 selected
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group of 12 statioms previously sampled through 1977 in the STOCS baseline
program. The authors have purposely avoided use of the terms "pre-spill”,
"mid=spill", and "“post=spill"” inm this report whem discussing biological
daca, as the lack of evidence of the presence of ¢il i1n or om benthic
sediments suggests that these terms might be misleading or used improperly
if taken out of context. From the standpoint of the bemthic organisms
{based on the chemical inforwmation in this report) there was, in some
senses, no spill. It is considered unlikely that hydroscarbons from Ixtog
1 might have coantacted benthic organisms and not left traces in the
sediment (P, Boehm, pers. comm. 1982),

There is no question that major changes have occurred through time at
the 12 study statious. Boch pumbers of taxa z2od numbers of imdividuals
rose markedly between winter 1976 2nd fall 1976 samples, and then
decreased during the next two sampling periods (wiater. 1977 and fall
1977). When the sites were again visited during the oil spill in November
1979, the numbers of taxa and numbers of individuals had dropped below
even the winter 1976 values. Ome year later, in December 19380, the
aumbers of taxa and pumbers of individuals had declined to their lowest
values, about a third of the numver of taza seen during £all 1976 and
about a fifth of the number of individuals.

The first sampling period (wiater 1976) apd the last two sampling
periods (November 1979 and December 1980) shared many similaricies
compared to the other three sampling periods. They did not differ
significantly from ome another in numbers of taxa or mumbers of
individuals. 1Ip additiom, the intervening sampling periods (£all 1976,
wincer 1977, and fall 1977) did not differ significantly from one anocher
in numbers of taxa or numbers of individuals. It appears that three
successive sampling periods characterized by high infaumal abundance and
numbers of taxa followed one with lower abupndance and avmbers of taxa
within a two~year time span, and were again followed by two sampling
periods ome year apart that resemblad the first one.

The differences bDetween the two basic groups of sampling periods (high
abundance and low numbers of taza vs. low abundance and low numbers of
tﬁg) were not confined to & few stations; Figures 4-~36 chrough 4~47
déofistrats thar whatever factors ‘werk influepcing these aspeces of the
biological community were acting without regard te depth or location.

Furthermore, most taxa showed the same patterm, indicating that the
differences between sampling periods wvere not due simply to changing
abundances of a few particularly common organisms. Figure 4-64 clearly
shows increases in the abundance of most pumerically domimant taxa io
every group from winter 1976 fo f£fall 1976, and in wmost cases a declipme im
subsequent sampling periods, with lowest values in Movember 1979 or 1980.
The excaptions to this generalization represent highly localized increases
in abundance of two taxa (one holothuroid and onme gastropod) mot
previously collected. Both of these taxa Natica, Animal Group #, and
Progankyrz, Animal Group G, a2lso proved common at other locations sampled
in 1980 (see Appendices 33.1 and 2.3.2) indicating substantial temporal
and spatial variability for these orgsnisms. Additional corroborziion for
the non-specific nature of temporal differences is that the relative
aumerical importaunce (percencage of total individuals per sampling period)
of each group of taxa delineated by the cluster amalysis remained quite
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comstant over time, with the appareat drops im several sroups in December
1980 being primarily a result of the sudden appearance of the two
aforementicned increases (Figure 4=63). The rather similar shape of the
curves in rigure 4-066 demonstrates that most taxa were best represented
(greater numbers per taxon) during the three sampling periods of high
overall abundance and numbers of taxa, and were present in lov absoclute
abundances during the three other sampling periods.

The largest groups of taxa separated on phylogenmetic bases also more
or leds vetained their relative pusitions with respect to one another from
one sampling period to the mext. Polychaetes were aumerically dominant in
every sampling period, with deposit feeders rankad first, followed in
decrezsing order of abundance by errant ommnivores and carnivores,
suspension feeders, and those whose feeding type was undetarmined,
Amphipods wers the largest group of crustaceans, and pelecypeds
outnumbered gastropeds im all periods except Decsmber 1980. These groups
inpcluded over 90% of the toctal individuals found inm the study. The other
groups shown in Figure 4«10 shifted ranks, largely inm respomse to drastic
increases and decreases of single taxa from ome time period zo the nexct.

A final line of evidence f{or the contention that chamges were not
only area=wide buf also pan=-phyletic may be found in the daca for
occurrences of rtaxa at more than oma stationm within any given sampling
period (Figures 4-30 and 4=51). In winter 1976, November 1979, and
December 1980 there were consistemntly fewer taxa at many $tations than
between £fall 1976 through fall 1977, wvhen many taxa were widely
distribucted. In other words, under some c¢ounditions many of the taxa in
the study arsz were ubigquitous, bur during three of the sampling periods
these taxa suffered restrictions in the habitats available to them.

Unforzunately, it i1s impossible to assign any particular cause to the
pronocunced differences in community structure from one sampling peried to
the nexf. It 1s conceptually simplsstc, of course, to icvoka some phvsical
factor rather than complex biological i1nteracticns, which are poorly
understood for the great majority of the taxa in the area. That the
differences in abundance acd numbers of t3axa were area-wide implies
strongly thac some density-independent faccor(s) wacher cnan biological
interactions were involved. The zaps in time between sampling periods
after cthe conclusion of the STOCS program were lemgthy, aad iocervaming
events left no clearly interprecable record to be inferred from the data.
Consequently, any attempt to attribute an observed phenmomenon to its proper
cause(s) bas a stroog tautological element.

It is tempting to speculate om possible causes for the differences
seen between the three sampling periods characterized by high infaunal
abundance and numbers of ctaxa and thres other sampling periods in which
iafaunal abundance and agumbers of taxa were low. However, it is cpucial
for the reader £o keep in mind that life history imformation is incomplete
for nearly every taxom inocluded in the study, and that the scatic daca
obrained from samples collected infrequently may present a deceptively
simple picture bearing liztle zelarionship to any cause—and-gffact
sicuation. For example, the numerically dominmamt taxa 1o this study weTe
the polychaetes, winich typically have pelagic larvae. The vesicencas Iime
of theif larvae in the plamkton in zhe Gulf of Mexico is essentially
unknown. As a result, the populations of polychaetes collected iz this
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study may not have originated as larvae io the immediate area where they
were collected. If they were present in the study area, ready to sectle,
and in excess of the numbers which the substrate could support, then
biological conditions in the area of origin would bave little or mo effect
upon their eventual demsity in the study area. Lf, on the other hand, the
numbers of larvae in the study area were less than required to “sacurate"
the substrate, then densitiss would be directly dependent upon the
abundance of larvae, which would in turn depend upon conditions between
the site of origin and the study site, as well as upon the condition of
the adult population which produced them. MNeither the site of origin bor
the conditions under which the larvae spent the earlier stages of their
lives is knmown in this study.

Pronounced ¢ycles in abundance gre the rule, rather than the
exception, for many of the taxa in this study, and it is emtirely likely
that the differences noted between sampling periods wmay be a product of
matural variability vather thagc attribucable to any single cause (human—
induced or otherwise). Large fluctuations in abundance on amonthly,
seasonal, and annual bases are common for many infaunal taxa (Dexzer 1% 9%;
Frankenberg and Leiper 1977; Moore and Lopez 1969, 1970a, 1970b, 1973;
Penzias 19 9; Tunnel et al., 1980; Wright and Moore 1970)

The types of physical factors which would be most likely to have
significant effeccs on the benthic community would include major changes in
bottom water characteristics (such 2s oxygen content, salimity, or
temperaturs), or mechanical disturbance, especially if such disturbasmce
altered the sediment composition (texturs or organic content) to any grest
degree. TFlint and Holland (1980) found that variability io bottom water
parameters (szlinity and temperature) was the most important facger in
determining taxonomic abundance, diversity, and equitability. Without data
from intervening periods at these sites, it is not possible to evaluate
bydrographic variability with regard to the November 1979 and December 1980
collections (i.e., those of the greatest interest in this study).

Sediment texture is often the szingle most important determinant of
macroinfaunal community compounents (Hargrave 1977). 4 detailed discussion
of this subject wmay be found in Flint and Rabalais 1980 (Volume I, Chapter
5). Many taxa in this study can not, however, be described as sediment-
limited, A large suite of taxa (moscly deposit-feeding pulychaetes)
dominated both nearshore, sandy sites and offshore muddy sites. These taxa
included surface deposit~feeding polychaetes (Magelona phyllisae, M.
longicornis, M. rosege, Tharvx mariovi, and numerocus spiouids, especially
Paraprionospio pinmata); subsurface deposit feeding polychaetes (Paraonis

g;g_;l&§, Aricides spp., Mgd;omastgs califorpiensis); surface cmnivorous or
carnivorous polychaetes (Hephtvs jncisa, Lumbrineris spp.); tubicolous

amphipods (Ampelisca spp.), and two phyla not identified to species level
(sxpunculzqs and nemerteass). These taxa have been described as ubiguitous
in other regions as well as in south Texas (Eagle 1973, Flint and Holland
1980, Howard and Dorges 1972, Holland and Polgar 1976, Warwick and Davies
1977, Whitlach 1977).

Although botb the sandy statious and the muddy stations were dominated
by the ubiquirous taxa mentionmed above (especially the magelonid
polychaetes), some numerically abundant taxa were found exclusively at the
sandy stations. These taxs included three deposit~feeding bivalves
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(Tellioa versicolor, Abra zequalis, and Nuculana acuca); two filter~-feeding:
bivalves (Anadara fracsversa and Diplodonta ef. soror); the filcer-feeding
polychacte Terebellides stroemii; the predatory gastropod Ratica pusilla;
the deposit-feeding gastroped Caegcum pulchellun; four deposit~feeding
polychaetes (Magelona pectjbonae, $piopnanes bogbvx, PBaleomotus heteroseta,
and Isoalda pulchella); four amphipods (Listriells barmardi, Photis
macromanus, Ampelisca ctristata, amd Agpeliscs sp. B); and the isopod
Zemanthura brevitelson. That these taxa were present at three shallow
statioms (10 to 15 m) and one deeper station (27 m) confirms that they were
not restricted by depth, but rather were confined to sandy substrates found
at all four statioms,

Only a few taxa appearsd to be limited o deeper statiooms. The great
preponderance of taza found throughout the study regionm suggests that a
more-ot~less coberemt community group was being sampled at all study
stations, with the addition of a specialized set of shallew=water or sandy=-
station taxa at some locatioms. No clear faunal break was seem ar the
deeper stations, although the appearamce of 3 few taxa net found at the
sandy stations implias thac perhaps the deepest staticaos lay asar che edge
of a2 transition zone between shallow shelf-fauna and deeper-water. The
shallov-wacer stacions therefore had greatsr numbers of raxa chan did the
deeper—-water stations, in direct contrast to the results reported by Flint
and Holland (1980) for three stations along ome of the sransects described
iz this study.

The study area was subjected to a major tropical storm in September
1979 (Tunnell et al. 1980), shortly befor= the NHovamber 1979 samples were
collected. One of the most serious hurricanes ever to hit the south Texas
coast (Hurricane Allen) also occurred several mcaths prior to the
¢ollection of che 1980 samples. The evidence is mixed zbout the effzets of
heavy weachar on soft-doctom benthic commuzities, althougn it 32 under
some circumstances cause substantial changes (Rees et al. 1977), wheraas
under others it wmay have little effect (Sarmect 1981),

Storms do produce water novement, reductions im salimiry, and organiz
and sediment addition anmd resuspensioun, aspecially in shalleow aresas. The
heavy rains and tcerrestrial erosion associated wich Hurricane Allen
undoubtadly caused a great deal of sediment to enter the nearshore zome of
the study area. The fiper fractioms would remain in suspeasiom for some
time, especlally nesrshore where water movement is greatest, and Lo settle
out some time lacer farther offshore. This tramspert may possibly be
reflected in the dara for five of the study sites (four in zhe 25 o to 40
m depth range, and ome sballow site at 10 a depth) 4t wuich sediment
texture was altered toward finer fractions (clay) in December 1980 as
opposed to aarlier sampling periods. The inverse of this effacr (a
nearshore coarsening of sediments due %o removal of fime fractions) due to
burricane~generated waves was apparsncly observed in 1977 (Fliat and
Rabalais 1980, Chmapter 4).

An increase in suspended sediment in the watar might be expectad to
alter the abundance and distribution of a variegy of orjamisms. Thoe
nearshore stations inciuded a large number of taxa zzz re aores r less
confined to sandy habitacs; a variety of these taxa azT ileer fesders
whose I[eseding and respiratory apparatus =ay be easily i
addition of Zine sediments to the environment (McMNulc
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0'Gower and Wacasey 1973, Paine 1961), Even the relatively mild
resuspending activities of surface deposit feeders have been Ifound to have
deleteriocus effects on Eilter feeders (Levinton 1972, Rhoads and Young
1970), 4 shift in sedimentary regime following a major storm could have
drastic effects upon these taxa. Nearshore water movement would be
expected to remove fine particles rapidly by resuspension at shallower
sites, however, leaving little subsequent evidence of physical change.

The deeper statioms would be expected to have taxa more toieranrt teo
fine sediments, but many of the detritus—-feeding taxa at these sites are
dependent upon a surficial layer of detritus sectling out in areas of
reduced turbulepce (McNulty et al. 1962Zb). An increase in water motion
could (temporarily, ar least) depiete available food resources.

Burial of organisms and/or abrasive scour due to turbulence during
tropical storms have alsc been shown to have significant biological
effecrs (Jackson 1972). For example, the muddy sediment and sand
communities between Sabine Pass and Point Bolivar, Texas, were essentially
destroyed by the passage of Hurricame Carla (Keith and Hulings 1965).

Analyses of variance did not detect any statistically significanot
differences between sampling periods for sediment texrure, although
sediment samples were quite variable between replicates within starioms.
The lack of significance in the ANOVA should not be interpreted to mean
that no biologically important diffsrences in sediment texture were
present, however. The ANOVA was based upon admittedly arbitrary
definitions of sand, silt, clay, aad sc¢ forth, using cradiciomal size
partitions to separate the categories. It would be surprising, in fact, if
organisms responded to the same size criteria. Ome of the more puzzling
feaztures of the correlation amalysis (Table 4~4) is the preponderance of
taxa positively correlated with sand and coarser fractioms, and negatively
sorrelated wich silt and finer fractions, yet showing few sigmificant
correlations-=or positive correlatioms—-with percentage clay. & possible
cause for this apparent anomaly may be the use of arbitrary sedimen:t size
categories which may bear ne relationship to those criteris which determine
animal distributions. The alternative explamation is that many of cthese
organisms <¢o best im sandy clay but not well if percencagses of sili or
fines are bigh. The data do not permit rejection of ome hypothesis in
favor of the other.

Another possible cause of differences in abundance apd distributioms
of taxa over the entire study area could have been large-scale depressiouns
in the oxygen content of water near the bottom, resulting iz hypoxic
conditions in surface sedimenrs. Hypoxie bottom water (€2 mg per litre) is
a common phencmenon in the Gulf of Mexico (Bedinger et al. 1980, Harper and
McKinney 1980, Ragan et al 1978). BHypoxic bottom water is typically
associated with elevated concentrations of orgamic matter produced by
e;osional runcff during times of thermal scratification, producing higzh
biological oxygen demand below pycmoclines (Gallaway 1981). Mississippi
River water is the main source of hypoxic water in the northwestern Gulf of
Mexico (Presley et al. 1980), which sometimes may cover the eatire south
Texas outer continental shelf (Flint and Rabalais 1980). While the STOCS
data indicate that little demsity statification occurs in the study area
during fall, wvinter, and spring (Smith 1980} and that boctzom oxygen levels
were generally highest in the wincer (Flint and Rabalais 1980), hypoxic
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benthic conditions have been documented inomediacely north of the study area
(Gallaway and Reitsema 1981).

Whether or met hypoxic conditioms ecould, in faet, be responsible for
area=-wide reductions in faunal abundance is unclear, however. Sometimes
low salinicies accompany low oxygen levels, and may result in widespread
mortality and merbidity of polychaetes, crustaceans, wmolluscs, cnidarians,
and other organisms (Harper and McKinpey 1980). Some taxa seem to suffer
when deprived of oxygen, whkile others seem unaffectad for loag periods of
time. For example, nereid and sabellid polychaetes, holothurians, and
bydruids have Deen damaged or destroyed by bypoxic, bhyposaline water from
tropical rains (Goodbody 1961l). The abundance of spionid (Spiophanes
bombvz), nephtyid, maldanid, paraomid (Azjcidea and Pagaomis spp.), and
cirratulid (Tharvx) polychaetes has been showan to be positively correlated
with .benthic oxygen levels on Georges Bank, while the only taxon which
increassd in abundance with decrsased oxygen levels was the capitellid
polychaete Notomastus laterjceus (Maurer and Leatham 198), 198l). Tagpore
(1972) described complecte die—=off of all macrobenthos (capitellid
polychaetes and bivalves included) at stations which became anoxic im the
Pamlico River sstuary.

On the other hand, burrowing infaunal organisms probably encounter
hypoxic conditions rather frequently, and 3 number of other benthic
invertebrates are capaole of facultative anaerobic metabolism (Dales 195§,
Eliassen 1955, Hochachka and Somero 1973).

During the wvarmer wmounths, thermal stratification is typical of the
nearshore waters of the outer coutizsental shelf, with benthic temperatures
commonly reaching 259 to 299 (Flint and Rabalais 1980). Dramatic
reductions in temperagure may occur in the study areas during fall and
winter., Smith {1980Q) reported that from lata fall through early December,
the therzally mixed layer extended to depths of about 75 m, beyond the
outer limits of the study area, and reached low temperatures averaging L1°
- 139 Celsius, However, extremely cold, dry Arctic air masses witn
temperatures oftan below freezing ("northers™) frequently zove through the
study area, droppipg water temperztures sharply. As these scorms occur
during a time when the water column is essentially unstracified, chilled
surface water probably sinks due to increased densities, and mizes rapidly
since high winds also aras characteristic of norvthers.

The typical reproductive season for many of these taxa is during the
winter {(Moore and Lopez 1970a, 1970b, 1973; Penzias 1969; Wright and Mcore
1970), when northers are most likely. Since most taxa increase their
populations by recruitment of planktonic larvae to the bentnos, and since
toe origin of those larvae is unknown, it is mot possible to ascerzaia
whether or zot larval recruitment in the study arsa would De affectad by
avy physical factor im the study drea icself. For that mattsr, so lictle
is kmoun about critical temperature tolerancas of nearly ail of the taxa
included in this scudy that it is not even possible to state definitfively
wnether or oot low bottom temperatures cight be respomsible £or chapgss ia
abundances of macroinfzunal adults.

4s a finsl cautiom, the authors wish to point ocut tnac in the absence

of detectadle residues of Ixtoc I oil in the sedimests at che study sites,
it is tempting to search for other catastrophic aveats which might Dave
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besn responsible for the promounced declipes in wmost macroinfaunal taxa at
the 12 study sites. While we bave yielded somewhat to that temptation in
this section, we feel the need to re~emphasize our comtentiom that this
study is probably best viewed as a descriptionm of natural variaciom. The
similarities between the winter 1976 data and the mid=— and post=-spill data
are obvious. It is just as plausible to consider fall 1976, winter 1377,
and fall 1977 unuosually favorable seasons frow the standpoinmt of infaunal
abundance, and winter 1976, November 1977, and December 1980 more average
seasons, as it is to consider winter 1976, November 1979, and December
1980 to be unfavorable seasons for macreinfaumal abundance.

Hamy thoughts about the effectiveness of the damage assessment
strategy utilized ig this study bave occurred to the authors while
evaluating their own data and that of the STOCS baseline program which
made this project possible. While hindsight is an easy virtue, the
authors would like to share some of their concarns and recommendaticns
with readers. Virtually all biclogical research programs have been forced
to strike a balance between the ideal and the possible with respect to
rescources, time, expertise, and level of resclution of data, and these
comments should be viewed in the light of practical realities rather than
a plea for anm ultimate study design.

The decision to rewsgmple the STOCS stations during and following the
spill using the same sampling methodology and number of replicates
cellected-at each Sstation was entirely reasonable. Had there been an
opportunity to alter the eoriginal program, the authors would bave favored
the collection of a greater number of replicatas at each statiom, even if
the sizes of each sample had been smaller, which would have yielded a more
precise estimate of population densities, but given the pre~exisring STOCS
data base it would have been urnecessary to take more replicates in the
1979 and 1980 colleccions.

Ope of the major problems encountered in interpreting current results
was that the time of year of sample collection varied from one year to the
next. 4s a result, the winter collections from 1976 and 1977 may not have
been comparable to those taken in Movember 1979 and December 1980.
Without samples taken during intervening periods, it is not possible to
determine whether or not faumal differences might have been due to
seasonal effecrs, for example. An evexz more serious problem is the gap
between the end of the STOCS program and the start of sampling im 1979,
and that between the 1979 and 1980 samples. Sipce large differences
between samples taken during the same time of year from one year to the
next were seeu during the STOCS program, it would have been very useful to
have access to data from additional samples in winter and fall of 1978,
and duriang winter and fall of 1979, along with those from November 1979.
Certainly, collecting samples at the same time of year is oo assurance
that hydrographxc or biological conditions will be comparable ipn different
years, but ir would at least sipplify the analytical tasks comceptually,
and eliminate one of the multituds of uncan:rolled var;ables that plague
damage assessmepts in general.

Significant taxonomic difficulties occurred due to the lack of access
to a complete reference collection of STOCS specimens for verification
purposes, Changes in the abundances of some taxa may be artificial,
resulting from identification problems which may label the same animal with
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different names, for example, leading to artificial appearances and
disappearances in the data set. We stTongly recommend that : complete
voucher collection be maintained im a central location for each such damage
assessmact program im the furure, to avoid some of these difficulcies. We
were fortunate to be able to comsult with many of the taxomeomists involved
in the STOCS program, but later greupings or splittings of taxa are quite
possible, and without a reference collection it is not possible te compare
new samples with older samples.

Although 2 recommendation for funds for addiriomal sampling=—e.g.
follov-on years—is a standard ploy in ecological research programs, in
this case 3z set of samples from 198l would have been esvecially
interesting biologically, since there were such marked changes ia the
macroiniaunal community iz 1979 apd 1980, cowmpared to 1977 and 1976. Bad
there been petroleun residues detescted in sediment, the apparent downward
trepd io macroinfaunal abundance could have been followed for sigms of
further decreases or of recovery from the spill. However, since ne oil
was found in sediment samples, a further measure of natural variabilicy
frow ome year tc the next would have helped to understand the range of
aocrsal changes in the macroinfaunal shelf community, so cthat in che event
of a spill it would be less likely that unwarranted conclusions about
drastic declines might be reached.

Oue serious concern of the authors in evsluating the damage
assessment approacn used in this preogram is that all attention had to be
focusad upon the static or structural aspects of the macroinfaunal
community, i.e. numbers of orgamisms, rather than upon cthe dymnamics of the
community. Many uncommon organisms—e.g. predacors in particular——have an
importance in forming and shaping a community which far outweighs cheir
pumerical abundance. This program was designed to assess large-scale
¢hanges in the most common taxa. While some might argue that amy cruly
important wmodifications in community fumction would also, by definicionm,
have to alcar the abundances of the comspicuous forms o be recognizad,
the authors feel that there is usot sufficient informacicn on the bieclogy
of even the common forms to reach tbhis comclusiom. Unfortunataly, we cano
propose no easy solutiorm to this preblem, but the gradual accuzjulation of
life history ipformatiom and toxicological response daca for selecczed
macroinfaunal taxa, for exampls, would 5o a long way toward improving the
sifuacion.

Ono 3 more practical note in the interests of aeconomy, it would be
less than honest not to mention chat the autbors had seriocus doubecs about
the value of anzlyzing the biological samples before aay of cthe chemical
results were available. As it turmed out, there was oo evidence of
contamination of sedimenss with Ixzoe I oil. TEe mos:t cost-~eflective
approach the BLY could have taken in this program would have been to
collect all of the secessary samples (which it did), and them siaply
archive che bioclogical samples until the chemical samples had been
anaiyzed. Upom finding o0il in the chemical samples, it would have been
reasopable to acalyze the biglegical samples that were czontaminated amd to
seleser a subset, perbaps, of unccataminated biological saaples for
comparative purposes, rather than to amalyze the emcise set
sizulctaneously. Taking this point teo its logical cenclusiom, sincz chere
was oo direct (chemical) evidence that the macroinfaucns was exposed €O
oi1l, 1t was Dot necessaTy To analyze the bioclogical szmples ac all, unless
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the program goal was to colleet yet another two years of baseline data
(the actual, finzl product)!

Io summary, then, future damage assessment programs would be most
likely to be successful and cost—effective if they (1) utilized comparable
samplinz techniques and collected equivalent numbers of replicate samples;
{2) were designed for high replication of each set of samples, to cope
with the expected natural variabiliry; (3) were schedulad to iaclude
samples collected at the same time of year or comparable seasons; (4)
continued for at least a year or two following the suspected impact,
especially if pronounced faunal chafges appear to have occurred; (5)
produced complete, validated reference collections of specimens; (6) worked
in step—wise fashiom, with chemical results preceding the further amalysis
of archived biological samples.

4.5 Summparvy and conclusions

1. South Texas Outer Contimental Shelf program (STOCS)
samples £rom winter 1976, fall 1976, winter 1977, and fall
1977 were determined to be the most directly comparable to
Hovember 1979 and December 1980 collecticas, from the
standpoint of equivalence of replication and time of yeaz.
Consequently, comparisons were restricted to a data sac
from 12 stations ranging in depth frow 10 m to 49 m, and
which were sampled in each of these 6 sampling periods.

2. The data set described in this report included 65,166
individuals composed of 376 taxa of macroinfaunal
invertebrates. There were major differenmces in numbers of
taxa and numbers of individuals collected from ome
sampling period to the next, with numbers of both rising
sharply from fairly low values in winter 1976 (248 ctaxa,
8,%9 individuals) to their highest values in f£all 1976
(339 taxa, 18,844 individuals). Values then gradually
decliped in winter 1977 (317 taxa, 15,640 ipdividuzls) amnd
£all 1977 (318 taxa, 14,701 individuals), They
subsequently dropped precipitously in November 1979 (207
taxa, 4,066 individuals) and then fell further im December
1980 co the lowest values observed (127 taxa, 3,346
individuals).

3. The November 1979 and December 1980 samples differed
significaatly ir terms of oumbers of taxa from the fall
1976 and winter 1977 samples, while periods of -
intermediate values (winter 1976 and fall 1977) were mot
statistically distinguishable from the sampling periods
with either low or high numbers of taxa. The greatest
similarities were seen between the three sampling periods
baving the largest numbers of taxa: £all 1976, winter
1977, and £all 1977.

4. The November 1979 and December 1980 samples differed
significautly in terms of numbers of individuals from the
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fall 1976, winter 1977 and fall 1977 samples; the winter
1976 samples had intermediate values and wvere not
stacistically distinguisbable from the sampling periods
witk either low or high numbers of taxa., The greatest
similarities were seem between the three sampling periods
baving the largest numbers of individuals: £all 197s,
wvinter 1977, and fall 1977.

Most of the taxa considered is this study were extremely
rare; 105 taxa were represented by ouly ome individual,
and 249 taxa by five or fewer individuals.

Diversity (E") remained relatively constant for all
stations together from fall 1976 through November 1979
(range from 3.86 to 4.13), but shoved the lowest values in
the first and last sampling periods (winter 1976, H'
3.55; December 1980, HB'= 1,12}, Evenness (V') showed a
similar pattsrn, with low values (0.52) in winter 1976 and
December 1980 and 3 range {rom 0.66 to Q.72 between fall
1976 and November 1979.

Most of the numerically dominant taxa spanned the depth
range from the shallowest to the deepest stations in Zalil
1976 (40 taxa), winter 1977 (33 taxa), anmd fall 1977 (38
taxa), when abundance and numbers of taxa were highest.
During winter 1976 and November 1979 and December 1980,
substancially fewer faxa were as broad in their
disgriburions (25, 17, apd 1l taxa, respectively). The
propertions of mwultiple occurrences of taxa rose from
winter 1976 (137 at severn or more statioms) to its highest
value 1o fall 1976 (16%), and decliped to 12%, 11¥, and 9%
in subsequent sampling periods.

4 distinet suite of taxa was restricted o a set of three
stallow (10 to 15 =) one deeper (27 w) statiom, all fairly
near shore and having rather coarse, sandy sediment.
During £all 1977, November 1979, and fall 1975 this group
included 19, 17, and 15 raxa, respectiively, and was
reduced to twelve, aleven and ten taxa in wincar 1976,
winter 1977, ard December 1980.

There were only thr2e taxa which were rarely {ound at the
shallowest stations. These three taxa were most common
duzing the earlier sampling periods, and were for che most
part absent from November 1979 and December 1980 samples.
Other than these three, no clearly defined set of taxa was
restricted to the deeper stacioms; the great majority of
taxa common at the deepest stactions were alsoc comzon at
the shallowesrt statioms.

The abundznce of cost numerically domimant taxa was
positively correlated with mean grain size znc tne
proportions of coarser fractions of sediment (percentage
sand, ratio sand:mud), and negatively correlated wiLLR tae
proportions of finer sediment (percemtages of silz, clay,
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and "fines" smaller thar 0.001 mm). Four taxa showed the
inverse of this pattern, being positively correlated with
percencages of clay, silt, and "fines," and negacively
correlaced with percentage sand, mean grain size, and the
ratio sand:mud. These four taxa also wvere among the eight
taxa having the deepest average depth of collectionm.

The abundance of many sumerically dominant taxa was
negatively correlated with sediment total orgamic carbon
(I0C). Omly 2 taxa were positively correlated with T0C;
these two taxa were among the eight taxa having the
deepest average depth of collection.

Cluster analysis based upon abundance of numerically
dominant taxa typically grouped stations within any given
sampling period into a nearshore cluster which included
the sandy statioms, an offshore cluster which included the
stations characterized by muddy sediments, and several
lying at an intermediate distance and depth. The
nearshore cluster included those stations having many
broadly=distributed taxa found at all stations as well as
those taxa restricrted just to sandy, nearshore sites. The
off shore stations included the broadly distributed taxa,
and several taxi oot found withio the mearshore cluscer.
The iptermediate cluster of stations usually included the
broadly distributed raxa, and a reduced number of the
nearshore~associated taza not found at the deeper

.stations.

4 two—-way table produced by merging a cluster amalysis of
numerically dominant taxa and an iloverse dendrogram of
stations for all sampling periods suggested that at least
rnine distinct groups of taxa apd eight distiper groups of
station/periods could be differenmtiated. Several larze-
scale patierns could be seen clearly, and are described
below.

Several groups of taxa (e.g. 4 and F) were important at
all stations regardless of sampling period, and may be
legitimately described as ubiquitous within the study
area.

Several groups of taxa {(e.g. B and C) were most important
at stations having coarse, sandy sediment, and rare or
absent at statiouns with fine sediment. The converse was
oot true, though. There were no groups which were
primarily restricted to statioms. with fine sediment, but
stations with fine sediment did inclode many of the same
taxa found at sandy stationms.

Groups of taxa (e.g. D and E) vhich were predominant at
both wuddy and sandy stations were most important duzing
1976 and 1977, and were less well represenced at the same
stations during November 1979 and 1980.
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Unusually high abundances of several groups (e.zg. G and BH)
at a few stations during a few sampling periods were seen;
however, ubiquitous taxa (such as those in A and F) were
more often responsible for "blooms,” achieving relative
dominagce during 3 given sampling pericd or at z few
stations.

Deposit~feeding polychaetes dominated the study area
during all sampling periods (49% to 57T of the tocal
numbers of individuzls seen in any given sampling period).
Another very important assemblage included errant
emnivorous and carmivorous polychaetes, which were second
io relative importance (16X to 20Z) in all sampling
pericds but onme. Other domimant groups (in relative order
of %I abundance) were amphipods (32 to 9%), gastropods (1Z
to JX except in 1980 when a single taxon raised the total
to 22%), pelecypeds (1Z to 8%), sipunculids (2% to 73),
nemerteans (17 to 7%), non=decapod crustaceams (1 to 33),
decapods (1% cto 4%), echinoderms (1% or less except in
1980 wben a single taxom raised the total to 7%), and
other polychaetes (2% or less).

Since residues of Ixgoe I oil were not idemtified ia any
of che sadiment samples, the temporal variavicns in cne
benthic macroinfaunal comnmunity could not be related
defigicely to the spill, or, for that matter, to any
particular human=-induced or emviroumental factor(s) and
may fall withia che ramge of natural variabality.
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