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public and government concern about the dangers of polliution to the health .
and welfare of the American people. Noxious air, foul water, and spoiled

land are tragic testimony to the deterioration of our natural environment. !
The complexityiof that environment and the interplay between its components |
require a concgntrated and integrated attack on the problem. ‘

!
Research and development is that: necessary first step in problem E
solution, and it iuvelves defining the problem, measuring its impact, and |
seaxching for solutions, The Municipal Environmental Research Laboratory

-«develops new snd-{mproved technology end systems for the prevention; treat

ment and management of wasteater and solid and hazardous waste pollutant |
discharges from municipal and community sources, for the preservation and |
treatment of public drinking water supplies, and to minimize the adverse i
econowic, sociel, health, and aesthetic effects of pollutiom. This publi- !
cation is one of the products of that research; a most vital communications :
link between the researcher and the user community. E

H i .

i ‘ ,
This report describes the 2ffects on marine anc estuarine benthos of a
#2 fuel oil spill. A variety of concurrent analyses was carried out system-
atically over time and space and showed that the effects of the spill on the
biota were still detectable after five years. This report and the techniques
described in it will be of interest to all those concerned with cleaning up |
o1l spills in inland and coastal waters. ' i
! |
! :
! | ' ;
I Francia T. Mayo !
i pirector 5
( Hunicipal Environmental Kesearch :
i Laboratory _ i
i :
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The Envir&nment&l Protection Agency was created because of increasing
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e ABSTRACT. . e e

[ U —

| To determine carefully the effects on the marine and estuarine benthos
of #2 fuel oll spilled by the barge FLORIDA off West Falmouth, Massachusetts, .
Qe gampled for many months along an onshqre-offshore gradient of pollution,
and less intengively at unolled sites, Analyses of hydrocarbons established
that pollution was greatest and most parsistent in the intertidal and sub-
tidal zonns of Wild ilarbor River, less severe in degree and duration at sta-
tions farthest from shore. A variety of concurrent analyses showed that
disturbance of the fauna was most severe and longest lasting at the most
heavily oiled sites, and least severe but perceptible at lightly olled sta~
tiona. Patterns of disturbance were not velated to granulometry of the
sediments. Plants, crustaceansa, fish, and birds suffered both high mortality
immediately after the spill, and physiological and behavioral abnormalities
directly related to high concentrations of the fuel oil. TFive years after
the spill its effects on the bilota were still detectable, and partly degraded:
#2 fuel oll was still present in the zediments in Wild Harbor River and
estuary. i

This repert was submitted in fulfillment of Grant No. RBQ1001-02 by the
Woods Hole Oceanographic Institution under the sponsorship of the U.S.
Envirvonmental Protection Agency. The report covers a perlod from September
1969 to June 1974, and was completed as of March 1979.
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g Early in the morning of September 16, 1969, the barge FLORIDA ran
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{ INTRODUCTION ;
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+

‘aground on a rocky shoal off Fagsett's Point, West Falmouth, Massachusetts,
‘and spilled 650,000 to 700,00 licers of #2 fuel oil into Buzzards Bay

{ {Figure 1-3). Strong SSW winds, common to this regiom, churned the oil into
‘an oll-water emulsion and drove it northeastward into Wild Harbor River in
'North Falmouth. The oil spread over more than 1000 acres, including four
‘miles of coastline (Souza, 1963). Mass wortality of at least the larger ma-
'yine animals quickly supervened in the intertidal and subtidal zones of the

‘river. :
e - e e e e e

J— o e e e PN I

; Water-based emulsifiers, claimed by the manufacturers to be nou-toxic,
‘were initiallyused to clean up the oil. The company hired to remove the oil
‘first applied these emulsifiers in Wild Harbor on the evening of September
16, and made further applications the next day. On September 18 and 19 the
company introduced emulsifiers into the waters from the beach south of Wild
‘Harbor before being restrained by officlal act on the grounds that the emul-
‘gifiers were toxic to shellfish. The company poured a total of 17,072 liters
of emulsifiers into the waters in less than four days. These chemicals were
not, however, the chief cause of death, for animals had alveady begun to die
in large numbers at least four hours before the fivst emulsifiers were
applied. As Murphy - (1970) states, ". . . most spills of any magnitude of
digtillate fuel oils have resulted in a significant kill of marine life".
(See also Adam, 1936; Tegelberg, 1964; North, Neushul, and Clendenning, 1965;
Goodring, 197l; Croker, 1969).

' In the initial period . of study we made several observations. Within
only eight to ten days and at the relatively high temperatures of 18 to 21°C,
carcasses of most soft~bodied animals completely decomposed. Skeletons were
soon digarticulated and scattered. Both intertidal and subtidal sedimoents,
particularly sanda, became physically unstable, probably owing to disintegra-
tion of animal secreticns and tubes, and death of vegetation and benthic al-
gae that bound the sediment. Marsh grasses reasched by water—-bormne oll during
the first three weeks after the spill died. The polluticn-indicator poly-
chaete, Capitella, increased explosively to occupy the river bottom in very
dense concentrations. By late spring and early summer of 1970 the numbers of
this polychaete crashed, and a few other species were able to occupy this
area. In the spring of 1970 the ponads of blue mussels, Mytilus edulis,sur-
viving In the affected area were thin and sterile, whareas gonads of blue
mugsels in unpolluted Sippewlssett Marsh were plump and ripe. Some mortality
aluays attended oll in the sedimenta; the greater the concentration of oil,

‘Fﬁe heavier the mortality. In sediments saturated with oil the extinction of
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Figure 1. Map of Southeasterm Massaclusetts showing
location of study area in Eastern Buzzards

Bay.

+

1life was sometimes almost complete.

In order to study spatial and temporal changes in concentraticn and
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composition of the fuel ¢il, and like changes in density and character of

the benthic fauna, our long-term strategy was monthly or bimonthly sampling
“at stations along a gradient from most severe effects in Wild Harbor River
‘to least effects at offshore stations in Buzzards Bay. For the intenaively
‘sampled stations we considered granulometry of sediments, composition of 3
‘hydrocarbons, and quantitative and qualitative changes in the fauna (in-

~cluding patterns of dominance, constancy, numerical varfability, and diver-
sity. ‘
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This report may seem too detalled. It is our conscious purpose to glve
‘the details. We wish to countervail against the all-too-common, strongly
stated, apparently unequivocal conclusions that are, at best, equivocal ifo-
terpretations of insufficient and ambiguous data.. Such inadequacies are
usual in many pollution-related studies of benthic ecology, including those
‘on which important decisions are based. Through detailed presentation and
analysis of the data, we aln to demonstrate more than adequately the persis-
tent, deleterious effects of #2 fuel oil on the marine benthos.




e SECTION 2. e e e
i i

CONCLUSIONS

‘1. The petroleum hydrocarbons in the sediments of Wild Barbor River and adja-
‘cent areas offshore came fpey the #2 fuel oil spilled by the FLORIDA on i
September 16, 1969. Concentrations were highest and degradation slowest in .
ithe intertidal and subtidal zones of the river. Connczutrations were lowest

‘at stations farrhest from shore. ; :
'2, 0il spread seaward from the areas of highest concentratioen for at least
'five years. After this span of time, fuel oil which was only somewhat de-
‘graded was still detectsble in the peat and sediments of the river.

e e
i

‘3. Within twelve hours after the spill, marine animals began to die in great:
‘nunbers. Mortality was most severe and longest lasting in the river, less at.
‘nearshore subtidal statlons, and least and of shortest duration at the more
‘distant offshore stations. .This trend in mortality was especlally evident
‘among ampeliscid amphipods. ‘
4. The opportunistic polychaete, Capitella, monopolised the biologically de-
nuded substrata at the heavily oiled statloms for the firast eleven months :
after the.:spill, then crashed. At the offshore stationms, Mediomastus amhi-

geta, asnother capitellid polychaete, became common nearly a year after the

'gpill, and remained so during the second year at intermediately olled sta-

‘tions, but soon declined in numbers at lightly oiled stations. ;

5, TFaunal changes matched in intensity and duration the gradient of pollu-
‘tion by ##2 fuel oil from the FLORIDA, but were only oceasionally related to
‘granulometry of the sediments. :

‘ The fauna in Wild Harbor River was unstable in density, diversity, and
composition. Fluctuations in composition were successional. After more than
five years the fauna there had only slightly recovered.

At the nearshore subtidal stations, faunal fluctuations were rapid ana
very broad in the first year, and successively less in later years. After
‘the firat year, changes in composition began to alter in character from suc- ~
cesslonal to seasonal. Recovery had begun, but was uot very far advanced by
the end of two and one-half years.

Faural changes at stations farthest from shore were relatively slight

and seasonal in nature. The fauna recovered in density, number of species,
and diversity after about a year.

TR




'“Jffjt' Even if the'fauna began to recover in diversity and demsity, the animals
”;cmntinued'tO“auffer*the-ill'effects of the oil. -Physiological snd behavioral
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At'unoiledistatiéna, faunal changes were slight and seagonal. '““]
! !
1 i i
6. Increased specles richneas usually contributed more to recovery of diver-
isity than did increase in the evenness with which individuals were distri-

%buted smong speclea.

|
t
} - i
i :

i disorders raused by the oil resulted in impairment of growth and reproduction,
fand in death. ; :

1 8. Bactérial seeding in areas heavily polluted by oil is probably inadequate

 _ito haaten the degradation of petroleum hydrocarbons.
i - '

9. Faunal surveys uodertaken more than a week after an incident of oil pollu~
' tion probably will mot find any of the larger soft-bodied animala killed by

i the oll. ! !

110. Most necessary are carefully conducted, guantitative, long-term atudies,
legpacially those designed to detect physlologlcel and behavioral damage, of-
gthe effects of oil splills on all levels of the marine trophic structure, the
'aplcal member of which is often man. Mathematical techniques, particularly
‘diversity indices, nust be used with cowprehension and care. Only through
‘such studies can society appreciate the true price paid for the undramatic,

| pervasive, ever-apreading, chronic pollution which disrupts and alters in-

' creasingly great reaches of natural habitats.
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o USECTION 3. i e s
' METHODS
Field Work

, On September 19, 1969, chree days after the spill, we began to collect
‘gsmples in the intertidal zone of Wild Harbor River, at six sites marked
wich stakes. Within the next week, we began collecting at many aubtidal ;
‘stations in the 2ffected area. Within two months after tne spill we were j
‘gble to determine the onshore-offshore gradient of effects, and limited fur-
‘ther sespling to stations along that gradienc. These astations, 31, 9, 10, 3, i
‘20, and 35, ve marked with anchored buoys (Figure 3).. Even :hough the buoys
:disappeared during the second winter, we were able to relocate stations to
‘within a few feet by fathometer, bearings, compans bearings, and fixed-range
‘radar. %e later established, and collected samples in, control areas in and
offshore from Sippewissett Marsh, well to the windward of ¥agsett's Point
((Figure 2). Ice and vough Geas gometimes prevented collecting during the win-
ter. We collected 413 sets of samples, 42% of which were picked for animals.
Esch set of intertidal samples consisted of a primcipal 1/128 m? core for
faunal analysie, & replicate sample of the same size, and surficial sediment
for hydrocarbon and granulometyic analyses. This third ssmple was taken with
a spoon or trowel from a square 15 cm on a side to a depth of &4 cm (300 ce).
fach set of subtidal ssmples consisted of one or two 1/25 m? Van Veen grab
‘gamoles for faunal analysis, and another such sample for hydrocarbon and
granulometeric analyses. The uppermost & cm of this last grab sample was re-
tained, the rest was discazded. In the fleld we noted the prescnce of oil in
the sediments o»d on animals, the anaercbic condition of some subsgtrata, and
. the presence of dead animale and plants,

Treatment of Biolugical Samples

We washed the sumples for biological analysis on a U. S. standard #50
mesh (opening = 0.297 ma), preserved them in 5% buffered formalin, trauns- i
ferred them after 24 hours to unbuffered 70% ethyl alcohol, and stained them
with rose bengal. We picked the animals from the washed sediments under bin- ;
ocular microscopes. We extracted 280 species of animals, including 108
polychaetes, 34 bivalves, 39 gaatropods, 47 amphipods, and 52 other taxa, a
total of 347,165 individvals. Details appear in Appendix A. Both the very
abundant nematodes and the melofauna were too small to be sampled adequately :
with a 0.297 mm sieve, and were omitted from the aralyses.

Granulometric Analysis

The sedimente were analyzed to determine the extent to which faunal

7
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3 I*“"‘,E:"pa_t:l:errue; were ralated to character of the substratum rather than to presence !
iof ell. Analysis waso 1imitea to sediments from stations sampled for at least |
. ‘a year, stations 1I, 1v, 3i, 30, 9, 10, 5, 20, and 35. The approximate slze 3
;of the samples was from five to 35 grams. Pach sample taken for these and
L bydrocarbon analyses was homogenized, end a given quantity was yvenoved for
e the hydrocarbon analysis. The remnant, if any, was used for sedimentary
©_.analysis. . ' i
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§ Samples from oll stations except 31, which was much muddier than the i
:others, were treated in the manner to be described. é
% First the sample waa wet-sieved or #10 (2 mm, -1 &) and #230 (0.0625 wn,
14 é) U. S. standard meshes to separate it into the gravel, sand, and mud frac-
'tions. The gravel, freed of shells and plant debris, was dried and weighed.
:The sand was washed with acetone to remove organic molecules, dried, weighed, i
and put in the WHOI Rapid Sediment Analyzer (Schlee, 1966}, which produced a . i
strip chart which was analyzed for distribution of material among the five
‘size clasges of sand. The mud fraction was washed into a 1000-ml cylinder, ;
430 ml of ©.5 N sodium hexametaphosphate {Czlgon) soluiicn and epough water
.gdded to bring the level up to 1000 mle After the mixture wasg thoroughly— =™ iE
?stirred and allowed to stand for 24 hours to check for flocculation, the mud
iand water vere thoroughly stirred again, and 20 ml of the mixture was re-
moved after 20 seconds from a depth of 20 cm by pipette, transferred to a
‘beaker, dried, and weighed. This weight, multiplied by 50, gave the total
weight of mud in the sample. At one minute and 49 seconds, 7 minutes and

1% seconds, 23 minutes and 59 seconds, 20 ml alliquots were withdrawn from a
‘depth of 10 cm by pipette, released in beakers, dried, and weighed to give
‘the proportions of clay and silt in the fine fraction.

- Samples from station 31 vere sandy muds centaining large amounts of #2 :_
fuel oil. They were first washed with acetone, dried, and weighed, then wet~ ' g
‘sieved on a #230 mesh to separate sand from mud. The sand was dried and
‘weighed. The mud was centrifuged to meparate silt from clay, and the silt
‘was dried and weighed. Weight percents of sand, silt, and clay wer=®calcula-
ted. :

Cumulative curves were plotted on probability paper for all samples for
‘which information was sufficient, and quartiles determined graphically for
derivation of median, sorting, and skewness. Becaugse the gravel and mud frac-
tions were not analyzed in detail, it was impossible to fix the tails of the
curves, and therefore impossible to use more sensitive measures to charac-
terize the sediments. In the few cases in which mud constituted more than
25% by weight of the sample, the third quartile was estimated by continuing
the line connecting the two previous points through the 75th percentile, and
recding the phi value intersected. The phi-scale equivaleats of Trask's
gorting and ckewness measures were calculated and deseribed in texms sec
forth in Folk (1974). The central tendency was expressed by the median, the
simiiarity among the central 50% of the graians by phi quartile deviation
(sorting), and asymmetry of the distribution by phi quartile skewness. The
Wentworth scale of size classes was used in the descriptions. In this scale,
each successively finer class is half the width arithmetically of its prede-

.. cessor. For statistical manipulation, we have used the phi scale, in which
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% Becausie the samples weve nmall, speclal care was taken to avoid error. |
'During sieving, fines were completely washed from the sands. A balance wore '
ﬁi.“%accurate than ~2Ceesary Was uged., To prevent ganples from absorbing water |
© from the air, fractions were stored in a dessicator. fn the RSA analysis, -
“too 1arge~afsample-resulted"inwartificial~enhancement of tha-finer-size— -
;classes, while too smnll a sample resulted in a low curve from which data |
;were‘extracted only with difficulty. Any error in the pipette analysis of |
very small fractions of mud was magnified fifty fold, giving values less re- .
i1isble than those for weightiex fractions. 1n a few cases, replicate analy- :
isea by the same’ technique ware run; apreement was very good. Heasurement of .
‘the mud fractions are probably reliable within 2%, measurement by RSA pro=
‘bably s}ightly less reliable. :

i
1
!
i
;
i

-‘%Analyéis of Hydrocarbons
t

j 011 is almost infinitely complex. The thousands of different molecules !
'in any crude oil, ranging from 1% to more than -20,000.-in wolecular welght, i=
;are products of diagenesis and bacterisl action beneath the surface of the
‘earth under anaerobice conditions over apzna of thousands to millions of years.
‘As Blumer and Sass (1972a)remark, "Ihe diagenetic processes involved in petro-
1eum formation at depth randomize the medimentary organic matter through in-~
ter- and.intramoleculsr gerambling and produce a hydrocarbon mixture of :
| enorinous complexity which camnot be resolved completely by present wedicm or
;high resolution chromatography.' Most of the different molecules belong to

%a few major homologous groups of saturated hydrocarbons. Biogenic hydrocar- !
'bons, however, are synthesized through gpecific natural processes to yield a

i 1imited suite of compounds within a relatively narrow range of molecular

iwelghte. Up to at least Cpp biogenic hydrocarbons can be resolved into in-

- dividual compounda by medium-resolution gas chromatography. Only a few

‘members of each homologous group occur in any one kind of oryanism. Fre-

. quencly, only one hydrocarbon group is present and commonly a2 single hydro-
carbon predominates. The most diagnostic features of organic hydrocarbons
'{n eoastsl sediments are the strong predominance of normal alkanes with odd
.numbers of carbon atoms (Stevens, et al., 1956)and the shsence of the uare-

' solved envelope typical of crude oii.and its products. Biogenic hydrocar-
bons of this sort occurred in Buzzards Bay before the FLORIDA apill (Clark
and Blumer, 1967). The many differences between biogenic and petroleum hy-
drocarbons (Table 1) identify the source of hydrocarbons at a possibly pollu-
. ted aite.

Four processes, evaporation, dissolution, biodegradation, and chewical
degradation, change oil. Dissolution as used here is defined operationally
as the accommodation of the oil in water by true solution, erulsion, or any
other process. Dissolution results in the removal of oil from the sediments
to overlying or interstitial water ox both.

Blumer and his collesgues used gas chromatography and mass spectrometry
to identify the #2 fuel oil from the FLORIDA and to measure rates of degrada-~

‘ t:r*;,tion of the different components with time (8lumer, 1971; Bluier and Sass,
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 ;5%”wTABLE 1. MAJOR DIFFERENCES BETWEEN PETROLEJM AND BIOGENIC HYDROCARBONS |

%Hydrocarbon : Petroleum | Biogenic |
i E ! ) .
" | ‘ | - ! -
! ‘n~Alkanes 0dd and even numbers of C atoms 0dd numbers of C atoms much : b
: nearly equally abundant more sbundant than even bl

: . ; numbers _ C
! Adjacenf‘memhers of series
] usually vary little im con-

: ! centration

: : . : !
i Ll e mmr e e S T St I R e seern mmma e mee e emme e swman ees S '_rg,,«..;_ :
: i Aromatics Many and complex (polybenzeaes $imple, with one or two ‘ :
f 5 and naphthalenes, polynuclear alkyl substitutions at most ! :

aromztics with multiple aikyl
psubstitutions, naphthene- ; ;

i
d
i
i L=

H t

aromatics) : : ; :
; 1 i ¢
éCycloalkanes Hetercpgeneous; those with Uncommon; one—- to three- ! ;
! (Raphthenes) substituted rings wore chain rings : ;
. abundant than thelr parent i i
conpounds :
| ?
" Alkanes Usually absent in crude oil; Major portion of biologic ‘
{0lefins) may occur in refined petroleum hydrocarbons

They measured the mass of hydrocarbone in 100 g of dry gedimert. The
average concentration of biogenic hydrocarbons forming the normal background
in Buzzards Bay is 5 - 7 mg/100 g dry sediment, with 10 mg nearly maximal
{Blumer and Sass, 1972a). Sediments are considered polluted if -concentra-
tions perceptibly rxceed this backgrownd, That concentrstions are within
the pormal background need not mean that the hydrocarbons are biogenic. If
the hydrocarbons are not the products of biclogilc synthesis, then oll pollu~
tien has occurred. They studied the temporal changes in the boiling point
envelope. The lighter fractions of oll evaporate and dissolve more rapidiy _
than the heavier fractions, so that the boiling point envelopz retreats to- T
ward the higher carbon numbers and stabilizes there upon depletion of the s
lighter fraccions {(Blumer and Sase, 1%7Za). The eavelope stabilizes move Co L
»-rapidly and at higher carbon numbers with increased tewperature. = . 7oA 00
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igenic hydrocarbens iack the unresolved boiling point envelope typical of
jcrude oil and its products. )

i e e e el

% They measured the degradation of &traight and branched alkanes.

. . 'Streight alkanes are degraded wore rapiély than their braaiched isomers in
" 'both the laboratory and field. The ratio of n-heptadecane (n-C17) to pris= '
" tame-was a sensitive index of the initiel stages of bicdegradation in West

]

iFalmouth (Blumer, Souza, and Sasa, 1970b). The value of this ratio for the
‘unaltered #2 fuel oil spilled by the FLORIDA was 1.67, but puccesgively
.lower as biodegradation progressed, | E
| ; .
‘ They studied the degradation of adjacent homologues. Adjacent members
Eof the egame or adjacent homologous saries bresk down at nearly the same rate;
i thelir relative concentrations vary only slightly az oil ages. Decsuse oils .
‘(and their refined products) have different compositiona, and therefore dif- |
,ferent concentration ratios, these ratios identify an oil sad its refined
_products, regardless of age. Blumer and his colleagues used the ratio of

'the adjscent homologues of the brenched isoprenoid alksne series, pristane |
. {getramethylpentadecane) and phytane (pentamethylpentnﬂecane),~to—i¢entify;w4
the polluting oil in its spread and degredation. Residues ol the #2 fuel oil
‘spilled by the FLORIDA in Buzzards Bay and incorporated in the gediments con-
"tained lsoprenoid alkaneo from Cij to at least Cgg (Blumer and Sass, 1972c).
 The members with the highest boiling points, pristane (Cyq) and phytane (Cag),
‘are little affected by solution at ambient temperatures. Decrease in ampli-
tude of the pristane and phytane peaks relative to the unresolved background
‘envelope represents blodepradation beyond the inciplent stage.

:Laterﬁl snd Temporal Variacion of the Fauna

i
t
)

)

: We used many graphic and mathematical techniques to analyze the stabili-
'ty of the fauna. Each method examined a different aspect of the changes in
density and composition along the onshore-offshore gradient of pollution.

We examined changes in density and number of species at intertidal
stations II and IV and subtidal stations 31, 30, 9, 10, 5, 20, and 35, and
‘analyzed the' degree and rapidity of fluctuations. We pald especlal atten-
tion to the invasion and dominance of opportunistic specles. Opportunilsts
are those species which discover a habitat quickly, reproduce rapidly so as
to exploit the resources sooner than can other species, and, having exhausted
those resources or having befouled the habitat, die In grest numbers or move
‘to other areac (Wilson and Bossert, 1971). Opportunists are the index of
ephemeral, unpredictable, and disturbed habitats. The chief opportunists
near West Falmouth were capitellid polychaetes, Mediomastus amnbiseta and two
or more sibling species of Capitella (Grassle and Grassie, 1976} . Hadio-
mastus was abundant offshore, Capitelia in Wild Harbor River. We used BMD
P1V one-way analysis of variance and covariance to evazluate rates of mortali-
ty at stations 9, 10, 20, and 35 in the year after July, 1%70.

We studied changes in the proportions and identitiesn of the subdominant
gpecies at most of these same statjons and In Sippewissett Marsh. Seasonal

. assemblages composing a relatively smail properzion of the fauna without the

T
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: B?Sﬁe‘;;§£‘&;ﬁiﬁgéévpgi;;ﬂ;éta betoken health. Successional assemblages poking !
‘up & large pertion of the partial fauna are signs of disturbance. Ua ar-
ibitrarily designated as subdominant any species which, in the gbsence of the

{
one wost abundant species, composed at least 107 of the fausa. i
: : ‘
}
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a j_"”“_! We alao exomined changes in density of ampeliscid amphipods. Counts of .

.., .dead animale were based on fragments of heads retained on the #50 mesh nieved
" These heads have four brightly pigmented, easily identifiable, decay- """ ;

o ‘resistant eye lenses. Upon restudying our samples, we made small changes in ‘
; ‘the data previously published (Sanders, Grassle, and Hampeon, 1972; Sanders, !

§ :1974). Trends vremained unslteved, however. Owing to their high sensitivity - o

: . aia tO moderate quantities of oil (here, about 15 mg/100 g dry sediment), am- . i

' . "peliscid amphipods are excellent indicators of oil pollntion (Stander and :

‘Ventner, 1968).. : i
; : . i : ‘
! ; We used temporal changes in density to determine the effect of #2 fuel

i lo41 on the benthic fauna., To this end we measured the ponth-to-month varia- ;
‘tion at intensively sampled statioms 31, 9, 10, 20, aud 35 of a specles with . . P
'a wran abundasce of three or more in 1/25 n® at one or more stations. We :
‘uped the coefficient of variation (standard deviation/aesan)- to meggure thig:-
‘varistion. The more affected that species, the greater the varfation in
_abundance and thée greatsr the coefficlent of variation. ‘ ' i
]

: We evaluated patterns of constancy of specles from stations 1I, v, 31,°
'9, 10, 5, 20, 35, and Sippewissett Marsh. Constancy neasurea the extent to
:which a species is a constant member of the biota at a stationm, and is the °
. percentage of analyzed samples in which the species occurs, The samples from
istations II, IV, and Sippewissett Marsh, each 1/128 m?, are comparable among
' themselves, as are the samples frow statioms 31, 9, 10, 3, 20 and 35, each
i1/25 m2. The two sets are mot comparable. All were retained on a #50 mesh
‘gleve, We included only those species occurring in more than 43% of the
gamples from a station. Generally, specles less constant then 0.45 were very
‘much less constant. A high proportion of very. constant species is indicative
- of a healthy, stable faunz; a high proportion of low-constancy species indi-
‘cates a fluctuacing, disturbed fauna. :

: We aleo used a weighted ratio to express the year-to-year differences in
the density of each species. This weighted ratio is the discrepancy index,

. Z,. For each specles the index is composed of two parts: density, the sum

.o% the mean densities of the two vears considered (¥X; + Y;), and disparity,
the ratio of the larger mean density to the smaller (X /Yi%' The larger the
value of this ratio, the greater the disparity. The formula for the dis-
~crepancy index is: :

Z o= (X + Y (/)

in which X, is the larger mean density and Y, ig the smaller mean density of
species in samples of a given size (here, 1/%5 m?) in the two years compared.
This formuiation of the index is a siwmplification of the discrepancy iadex
- already published (Sanders, 1978). When a species was absent in one of the ... . P
- .years, we asalgned one Individual to that year, such that: ine mean density -
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I IR ¥yas ome divided by the aumber of samplee. At very low densities, 2 species |
i :abgent in one of the years has a disproportionately large effect on the index;
S {the replacement of null by one distorts the index, For each of atationa 31,
"~ 19, 10, 20,and 35 we arranged the npecies in order of increasing discrepsncy.
Ve cumulated discrepancies and densities in that order and plotted the points
Wb logarithmic paper. The line having a slope of +1 and a y-intercept of O
. - ..represents the case in which the mean denulties of the specles are the same
! iin the‘twn'yearsz””Thé’degree'of departure from this line is & messure of 7!
gthe discrepancy betweea the mean densities of the two years. i
| We used three indices to evaluate the diveraity of samplea from statlions
31, 9, 10, 20, and 35. One is the commonly used Shannon-Wiener information
[function: : ‘

H i A
'
t . t

!
I : :
' H\s} = ~Ip, lo
\8 _‘]pj g' pj :

: |
i ‘ ‘ _
!1& vhich s in ehe totdl number of speciles, and p; is the observed proportion-
‘of individuals belonging to the jth species (3 =71, 2, ¢ « ¢ o g8). Anothey

index of diversity is the evenness function;

! :

1
i

V' = H(a)/H :
max :

in which B is log s. This index measures only the dominance component of
diversity. a;fhe maximal value ig 1.0, at which the individuals are distribut-
_ed equally zmong species. The third index is Hurlbert's modification (1971)
of the rarefaction method (Sanders, 1968), which predicts the number of

. species in a random sample without replacement, given a population '

k “‘N 1

§ ‘ i

) : o - mn

2 | : E|s,l¥ & 1 -

i t - m .

‘

in which Ni is the finite population of species 1; ¥ is (Ny, Moy cevess Nk),
a vector rapresenting the entize finite population; N is the total number of

_individuals in the finite population,

I
B Nl;
=1

and Sm {s the randow variable denoting the number of sﬁecies in a sample of
;-sizg‘m(Sm§thrgnd G;asg;e,ﬂls7?)1rl.
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B ‘There are wany different indices for msasuring either the variety of _

‘11fe in different habitats, or the relative "health" of an emvircnment shres=i

sed by natural phenomena or pollutants, Among the more commonly used diver- |
‘glty dndices are the Preston lognormal disiribution (1948), the Margalef iuo- . .
.. . dex (1957), the Fisher, Corbet, and Williams logarithmic series (1943), the A
¢ . .- .Simpson diversity index (1949), the MacArthur broken-stick model (1957}, the .
' ' 'Shannon-Wiener information function (Shamnon and Weaver, 1963), and the

L “rarefactfon method” (Sanders, 1968, modified by’ Hurlbert, 19713, ~ ~

LAY

j The formulations of most indices involve assumptions about the way in
‘which individuals are distributed among species in nature. The phenomenon
measured 1s the closeness of agreement: of a preconceived distribution with
: the natura! one, The inherent danger is the mental ascendancy of the precon-
; ‘ception over nature. A related difficulty is the unforctunate dependence of
! '‘most diversity indices on slze of sample, which for validity demands use of :
‘sgmples with identieal numbers of individusls, The rarefaction method aseeks ! !
‘to circumvent these two pitfalls: except at very low densities it ig inde-
pendent of sample size, and 1t does not make any assumptiona about the dis-
tribution of individusls among epecies.
_ Most diversity indices have two components. One is dominance diversity,-
i 'a measure of the evenness with which individuals are distributed among spe-
‘ cies, regardiess of the number of species. The lower the degree of dominance,
' ‘the more even this distribation, and the higher the diversity. The other
‘compenent is species richness, a meagure of the number of epecies in a sample,
'The grester the mumber of species, the greater the diversity (Whittaker, 1963).
The relative contributions to these two compenents to the diversity value
'differ from one index to another.

: The Shannon-Wiener informatiun function reflects primerily the evenness
‘of the five or six most abundant species, Smith, Grassle, and Kravitz (1979)
' ghow that the ipformation function is essentially equal to the expected num-
‘ber of species in a random pample of 10 from a population, and equivalent to
Burlbert rarefactilon at the level of 10 individusls., At this low density
only the more abundant species are likely to be represented.

: To determine the relative contributions of species richness and evenness
‘to diversity at stations 31, 9, 10, 20, and 35, we ranked samples by diver-
sity and by evenness from most diverse or even (1) to least diverse or even
(71 in the analysis of the whole fauna, 70 in that of the fauna without the
one most dominant species). Values of diversity were derived from the rare-
faction curves, and are the inverse of the number of animals in 20 species.
Values of evenness were calculated from the evenness fumction. The most di- .
‘verse and most even fauna would have one animal for each of the 20 specles. -
‘We used only those samples with at least 20 species. We estimated the con~ E
"tribution of species richnesa from the relative positions of the curves for P
_evenuess and species richness.

We used an agglomerative technique (Williams, 1971} to determine degree
'of farnal similarity among the varicus atations. In an agglonmerative techni-
: que the wost similar samples cluster most closely and first, less similar
" .ganples cluster less closely, and least similar samples most distantly and
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»1ast. We used HESS, the Normalized Expected Species Shsred, to assess faunaﬂ
i similarity (Grapsle and Smith, 1976).  This measure is gensitive to less com-
ey %mon specles, and le used to detect spatial and temporal relationships among |
| gamples on the basis of their species composition and on the numbey of these |
. species shared among random gubsamples of fixed size from each collectlon. |
‘We used a subsample size of 30, st which both rare and comson specles contri-
"..bute to the measure. We included in the analysis only those samples with at |
“least 100 &nimaist“‘Iﬁ'some”cdses;'the”whble'fauns"of'a'sample'ﬁad'thekfe:m'?
‘quired number of animals, but the fauna without the one most dominant species
‘hed too few animais; those sample were omitted from the analysis. Because it
. handles no more. than 3000 entries, each species of ezch sample a separate
entry, the program could analyze only three offshore stations at a time,
| Ideally, samples from an undipturbed station will cluster closely together
"and by season. - The fauna at such a station undergoes seasonal oscillations

' and varies little from year to year, Samples from a station at which the

e st £ i e et s s i e o oo e e o e 7

, fauna has been severely disturbed will ecluster in temporal sequence, and more
| closely with the passage of time. At such a gtation the fauna undergoes

' successional changes, and varies from one year to the next. !
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RESULTS

l
S
i

lSedimentq l !

i

At eight of the nine stations anaiyzed sediments were muddy sands with
ismall amounts of gravel and shell debris. At station 31 the sediment was

isandy mud. Sediments at seven stations were studied in enough detail to pro—
[vide some granulomateic information. Becular changes were slight or absent. !
{Figures 4 and 5 cummarize the results. ' ;
i H H

i 4 : :
L.z . At station IV the bottom was fine sand with an average value of the _ ..}

.ﬁédian of 2.40 é (0.16 mm). Clastic gravel was absent. Some samples appear
i . to have had a minor mode in the mud class. The pands became finer with time,
! and were ususlly moderately well sorted and nearly symmetrical. In April,
11971, the sediment was poorly sorted and strongly fine skewad. The sediments
! geem to have baen more strongly fine skewed in the early spring and late ;
i summer than in the late spring. : ‘
1 i ! ;
‘ At station II gediments were fine and medium sands, coarser than those
'at station IV. .Variation in the median size was not.very great, 1.89 to
12,31 ¢ (0.27 to 0.21 mm). These sands were about as well sorted as those at

. station IV, but they seem to have been muddier. In March,1971, as in the
‘next month at station 1V, the sediment was finer, more poorly sorted, and
‘mora fine skewed than usual. Only one sample was clearly bimodal, one was
‘unimodal, and the other five appear to have had 2 minor mode in the mud
‘class. As at station 1V, the sediments were granulecmetrically variable from:

- sample to sample,

|

: Ail seventeen samples from statlon 31 were sandy silts without clastic

- gravel, The proportion of sand was variable {12.5 to 48.0%). The average

' gample was about 20% sand, 70Z silt, and 10Z clay. The four sandiest
samples were taken in late spring (May, 1970; June,1971) and in winter

" {December, 1971; March, 1972). TFurther data are wanting.

; The sixX samplzs from station 30 whichwere analyzed appeared most similar
i to the gravelly sands at stations 5 and 20. '

. Most sediments at stations 9 and 10 were very fine sands, slightly finer
“at station 10. All samples were nearly symmetrical; those at station 9 were
‘usually slightly coarse skewed, those at station 10 slightly fine skewed,
Small amounts of gravel occurred at station 9 but not at atation 10, where
the sediment was always unimodal. Sorting was better at station 10. The
- ., sand at station 10 appears to have been very well sorted and devold of mud in
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Figure 4. Distribution of sediments in intensively sampled E :
. E _ area, w.th additonal data from Hough (1940) and :
i Moore (1363). ;

§
i : Seutembpr . 1970 although the work sheet sugpgests that these appearances
| .resulted from p:ocedura; error. At station 9 the sediment became slightly
‘coarser with time; at atation 10 the sediment seems not to have shown tem~
; iporal trends. 7The sediments at statlon 10 were less variable than those of
; ‘any other statlon, even those of station 9 which they most closely resenbled.
I . : .
; The sediments at stations 5 and 20 were alike, most of them slightly
‘gravelly medium sands moderately well to well sorted and symmetrical. Mud
‘was minor. The sands at station 20 were usually coarser than those at sta-
‘tion 5. At both stations sediments were coarser in the late spring and early
. summer, and finer in mid- and late summer. Two samples from statlon 5 were
tunimodal very fine sands, similar to those at statlions 9 and 10 (Figure 5).

SO U

: Sediments at station 35 varied from sample to sample in all aspects.
| All had a minor mode in the gravel class. The median gize, medium and fine
;sand, was about as variable as those at statlons 9 and II. Moat samples were
f ‘moderately well to poorly sorted, and on the whole more poorly sorted than
'gamples from other stations. The proportion of mud was higher here than at
‘other staticns except station 31. Skewness toward the Iines seems to have
‘been greatest in late autumn and winter, when sorting was poorest. The |
' ‘great variability suggests that station 35 was on a facies boundary. Because !
'all sawmples were taken in the same way, and because the offshore statlons
_ were accurately relocated, it seems unlikely that the variability resulted
i  from procadural. error.

i ) Only a few samples from contrcl stations were analyzed. The one sample '
from Sippewissett Marsh most closely resembled sediments from intertidal sta- . ‘

“tions II and IV, but was sandier. The gravelly slightly muddy sands of sta- C

‘tions 70 and 80 were most similar to sediments at station 5. The muddy sand . ‘

‘at station 90 was like that of station 9; the sandy muds of this control sta- . .- C

" “tion resembled the gsandier sediments at statdon 31. . T
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5 The oil spilled by the FLORIDA contained normal alkanes which ranged !

i

; lfrom n-decane to n~docosane (C;g te Cys), with a maximum around C 4 to C)s.
ey i Isomeric and homologous hydrocarbons, mostly aromatice and cycloaikanes,
. 'were so numerous that their boiling points overlapped, a phenomenon expredsed
..An, the gas chromatograms as a broad unresolved envelope..  Above this unre=. ..
‘golved background were more or less defined peaks of homologous series of
'straight and branched alkanes. The n~Cx7lpristane value for the undegraded
tfuel oil was 1.67.

!

| .

i The oil which polluted Wild Harbor River and adjacent offshore areas was
'that spilled by the barge FLORIDA om September 16, 1969. The pristane/phytane
‘value established that all samples but one of petroleum aydrocarbons in the
‘West Falmouth area were derilved from this oil. Petroleum hydrocarbons from
‘another source occurred at station 36 in November, 1970, and a large concen-
tration of blogenic hydrocarbons appeared at station 10 in Jure, 1971. Pre~'
:sence of hydrocarbons having the boiling point range of the #2 fuel oil from
'the FLORIDA, 170-370°C, showed that this oil became incorporated into the
‘sediments of Wila Harbor River and adjacent parts of Buzzards Bay. ' o

: There was an onshore-offshore gradient in concentration of the #2 fuel
‘0il. Concentrations were greatest at station 31 {(Table 2}, which remained
"heavily polluted with residues of this oil for at least two years (Blumer
‘and Sass, 1972a, b,c). The concentration of relatively undegraded #2 fuel
'oil was particularly high in the late winter of 1970, Sediments at the three
'intertidal statioms, II, IV, and V, also contained 1.4 to 19 times the maxi-
‘mal normal environmental background, 10 mg/100 g dry sediment, during the two
.years after the spill. Awmong the offshore stations, only stations 9 and 10
‘had quantities of hydrocarbons clearly in excess of the normal environmental
;background, and only in the first eleven months. Concentrations were inter-
:mediate or low at statioms 7, 30, and 20; the mean hydrocarbon concentrations
-at stations 20, 35, and 37 were essentially unchanged in the first two years
after the spill. , i
H t
Degradation of the #2 fuel oil was slow, especially at the most heavily '
pollutad stations, and the different modes of degradation proceeded at dif-
. ferent rates along the gradient of pollution. At stations 11, IV, V, and 31
. the boiling point distribution of the hydrocarbons was very similar to that
of the fresh oil for at least two years after the spill. The n-C»/pristane
.and pristane/phytane values at station 31 decreased very little for several
‘months after the spill (Figures 6, 7). At all four of these stations solu-
tion was retarded, and short-~term toxicity did not decrease. Solution and
reduction of short—term toxicity were slightly more rapid at stations 7, 9,
and 10 than at the four most heavily olled stations. Retreat of the boiling
point envelope was slow for hydrocarbons from scations 7, 30, 10, and 20;
hydrocarbons in the C,3-C;, range were still detectable two years after the
spill. Less-degraded fuel ni!l ~crived at station 10 in August, 1971, as in-
dicated by the reversal oi che values of n-CI7Ipristane and pristane/phytane
- (Figures 6, 7). At stations 7 and 20 (Figure 6) the r-C,7/pristane values
‘were mich lower than those at station 31. Biodegradation progressed relative-
1y rapidly at stations 20, 335, .and 37, and was six to eight months in advance

&
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., 107l bimaarp 2. HYDROCARBON CONTENT OF SEDIMENTS FROM BUZZARDS BAY, ™ MG HYDRO- . .
; CARBONS IN 100 G DRY SEDIMENT. ALL VALUES ROUNDED TO TWO SIGNIFI- |

o CANT FIGURES. AFTER BLUMER AND SASS, 1972a )
i ‘ STATIONS : "__§ |
Y pate. - 5o id e Boe10 20 31 i35 36 - 37 LT AV Voo i
e , _ .
9/69 6.9 3.9 55 59 45 |
} 10/69 19 46 110 4.6 55 | %
L 11/69 14 26 15 2.4 110 53 2.0 40 | 2
12/69 iz 25 4.5 110 6.0 76 150 180 | %
E /70 1 ; 6.2 4.4 ' ? 3 E
S aie T v R L N P T S

é 3/70 . 1240 3.5

L 4/70 ‘Aé.s 28 6.2 450 4.2 2.1 5.9 140 190 |
5110 6.5 25 3.5 210 4.9 7.0 7.0 52 40 77
6/70 4.5 18 2.4 400 5.3 2.9 6.7 & 23 18
7170 7.4 14 2.5 240 6.4 4.3 5.7 75 150 40
8/70 | 9.2 120 2.9 4.1

9/70 2.6 5.9 9.4 4.9 210 7.9 6.1 4.2

10/70 . , 63 41 56

11/70 4.3 9.8 3.1 300 11 6.8 8.5 22 18 45

12/70 5.0 11 8.0 3.4 190 45 35 55
1/ 160 5.4 4.0 5.0

2/71 5.4 6.7 9.4 3.4 3.3 3.1 7.3

3/n ' 200 39 34 29
4/71 1.8 3.5 7.7 5.6 5.2 200 37 86
511

continved -- i
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2 (continued)

©" TABLE |
% STATIONS
“.. Date .. 5 7.....9..310 . 20..3%1...35 .36 - "__37‘.'_, I IV Vv
' 6/71 4.5 5.6 B.8 3.6 230 4.4 4.2 4.6 15 19 40
7771 3.3 1.1 4,6 2.3 6.0 3 27 16
8/71 3.7 1.3 6.1 5.4 2.0 130 3.5 5.6 M 40 32
: 9/71 3.0 8.4 5.4 130 4.5 3.9 4.6
j C1o/mn 15 34 19
TABLE 3. NYDROCARBON CONTENT OF SEDIMENTS FROM BUZZARDS BAY,
IN MG HDYROCARBONS IN 100 G WET SEDIMENT. AFTER
MICHAEL, VANRAALTE, & GROWN, 1975. ASTERISKS INDI-
CATE TUAT GAS CHROMATOGRAPHIC ANALYSES WERE ALSO
PENFORMED,
STATIONS
Date ¢ 10 20 31 35 I W V Sippe-
_ wissett
|
4173 15%x 71 3% 507 8 55 43 59 10
7/13 21
9/73 609
11/73  3* 3 2 66 6 23 39 46 9
5/76 9 § 3 138+ 7 22% 34% S51% 11%
6/74 350

% Gas chromatographic analysis also performed.

LM PSRN J PR

41

;
-
1
:
;
i

AT P

ez Y el

R s



" ,‘ , “T' [P— !a -
i Bigf that at station 31. Such different rates of biodegradation indicate de-_]

/ 7

TYPING GLIHDE SHEET

]

SRENY TS

e ar i o it i ek L

layed bacterial attack in heavily oiled sediments. The fuel oil which first ;

.. arrived at stations 20 and 35 was already somewhat altered and more degraded

'than that contemporaneously at the more heavily polluted inshore stations. i
As the oil moved geaward, the very toxic benzenes and naphthalenes, which :

. :constitute the targest proportion of the aromatics in fuel oil, dipsolved in :
. .the sea water. -At statioms 20, 35, 36, and 37, solution and reduction of the

short-term toxicity of the benzene and naphthalene aromatics were relatively °
rapid. Through September, 1970, oil in the sediments at station 36 showed the
characteristics of that spilled in September, 1969.

: Michael, Van Raalte, and Brown (1975) studied the further weathering of
the fuel oil from the FLORIDA in the fifteen months from April, 1973, through
June, 1974 (Table 3). Concentrations of hydrocarbons derived from this oil
were two to six times the normal background at stations TI, IV, and V. At
.station 31 hydrocarbon comcentrations were slx to sixty times the normal
'level; these hydrocarbons were derived from the #2 fuel oil, not from the
fuel of motorboacs.  Hydrocarbon conceatrations at station 9 yere at times
aomevhat above che normal background, but they were at or beiow that level at
‘statlon-10. Weathered #2 fuel oil cccurred at stations ¥ and 10 as late ag
‘July, 1973, 46 months after the epill. Biogenic hydrccarbons were present

at these two nearchore statlons in Wovember, 1973, and May, 1974, Humber two
fuel oil was undetectable by gas chromatography at stations 20 and 35 and in
Sippewissert Marsh in April, 1973, and hydrocarbon concentrations at these
‘three sites were at or below the normal background level.

: 01l continued to move in pulges from the more heavily polluted areas
seaward into Buzzards Bay (Figures 8-12} for several years after the spiil.
It is likely that oil incorporated in the sediments of the shallewer reaches
of Wild Harbor River was liberated by rtorms which roiled the bottom.

Purns and Teal (1971) studied by gas chromatogram the sediments, algae,
marsh plants, fish, and gulls from Wild Harbor River and from unpolluted
Sippewissett Marsh and Weepecket Islands im 1970 and 1971. Residues of #2
fuel oil were in all sedimentary and biologic samples from Wild Harbor River;
‘all samples but one from Sippewissett Mzrsh were free of oil. The exception
was the eel, Anguilla rcgtrata, a highly mobile animal whieh probably became
contaminated with fresh fuel oil in Buzzards Bay. n Wild Harbor River,
marsh grasses, Spartina patens and S. altermiflora, were dead at heavily
oiled sites, but alive at lightly oiled ones during January, 1%971. Residues
in animals were more degraded than those in plants. Huscle and brain tilssue
of a juvenile herring gull, an animal at an upper trophic level, taken while
feeding in Wild Harbor River one month after the spill, contained considerable
quantities of hydrocarbons derived from the #2 fuel oil. An adult herring
gull taken in June, 1971, from the colony on the Weepecket Islands (Figure 2)
contained pollutant hydrocarbons from some source other than the #2 fuel oil
from the FLORIDA.
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; ! The concentrations in the rviver and the
harbor still exceeded the normal eaviron- t
mental background level.

:Densities and Numbers of Species

WUithin ten days after the spill, numbders of species and animals at

i ‘heavily oiled stations 31, II, and probably IV dropped abruptly to very low

‘levels (Figures 13-16), Mass mortality wae greatest at station II, At sta-

tion 31 the nuwber of species only three days after the spill was almost as

high as that of lightly oiled statlons offshore in the first post-apill year.

; ‘The bloom of Capitella began alwmost immediately at the blologlcally denuded

i "intertidal starions, but was delayed a wonth or two at most heavily oilled

‘station 31 (Figures 17-19). Tive other cpeciles also becase abundant at this

.gubtidal stetion in the last months of 1969, In the winter of 1969-70 much

! .of the faunaz, including Capiteila, died at the intertidal stations; ice may

§ have caused this mass death. During the spring, the number of species was

: low at all three stations, and oscillated at station II. DPensity of the

! whole fauna rose sharply during the seasonof recruitment, which seems to have
begun in June, a few wecks earlier than at offshore stations. Capitella con-
stituted the vast majority of animals at stations II and IV, and at station
153 formed an almost unispecific culture. During the late summer and early ]

.., .utumn of 1970, Capitella crashed at all three atations, and remained relative~ = i

¢ ;.4Y¥ uncomon for the next two years, even in the later recruitment seasons. A

i
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i
N BNumbers of species rose at stations II'and IV during tha second and third
years. This number fluctuated widely at station 31, and by the middle of the:
};fourth year had not risen to the level: found three days after the spill. Den-:

sity fluctuated ‘at stations 31 and IV, and by the end of two or more years
‘had not risen to the earliest levels.

' 'f?“““ Within a few days after the spill fairly large quantities of less- i

“'ﬁegraded‘#Z"Euel'nil'apread"tO‘the'sediments of offshorve stations 30, 9;’an@‘4

- but had incrgased above that level at sta;iong 20 and_35. o
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10. The fauna behaved the same way at a1l of these stations, even though the
‘sediments at station 30 were apparently much coarser than those at the other
two stations. Density and number of species (Figuree 20-23) declined sharp- :
1y in the £irst .eleven months to low levels, but not so low as those at the
intertidal and subtidal river stations, Opportunists failed to colonize the .
bottom in this first span of time. During the first recruitment season after
‘the spill, July and August, 1970, densities and numbers of specles rose graat-
1y, and Mediomastus ambigeta became abundant and dominant (Figurea 24, 25}).
‘At that time Macoma tenta was common at stations 9 and 10. At these two sta- |
‘tions the fauna consisted almost eantirely of juveniles. Within the next month
numbers of species and animals, including Mediomaetua, declined rapidly as a
result of crowding. 'This bloom and-decline was- greatest at statien 10.  Tha
number of specles thereafter was intermediate to fairly high, and fluetuated
widely at station 10, In August, 1971, the second seagson of recruliment after
‘the spill, numbers of species and animal. rose somewhat at station 9, and
Mzdiomastus again became sbundant and dominant. This polychaete decreased in
dominance in the third year at station 9, During the second season of re-
‘cruitment, a new infuasfon of less-degraded #2 fuel oil prevented the usual
'surge of numbers at station 10, although Capitella became fairly abundant in
August, 1971, Although densities at staticns 9 and 10 oscillated scmewhat
during the second and third years, numbers of both animals and species were
‘considerably higher than in the first eleven months after the spill.

At offshore stations 5, 20, and 35, where concentrations of hydrocarbons
were almost always within the range of the normal background, numbers of
‘animals and species were pgenerally higher at any one time than thoze of other
stations (Figures 26-29). Of these three statioms, station 35 had the lowest
densities, which were still higher than those at stations 9 and 10. Reduction
in numbers of specles and animals in the first eleven months was less severe -
at stations 5, 20, and 35 than elsevhere. As at stations 9, 10, and 30,
Mediomastus first became abundant and dominant In the first season of re-
cruitment (Figures 30-32), July and August, 1970, when it constituted the
majority of the benthic fauna. Aside from Mediomasiug, density increased
only slightly during this seasoum, but numbers of species equaled or exceeded
the numbers found shortly after the spill, before effects of the oil had be-
come evident. The increase in density in August, 1970, was generally less
marked at these offshore stations than at station 9 and 10, During the
winter of 1970-71, density and number of species decreased at all three sta-
tions, but rebounded in the spring and summer at station 35, the only one of
these stations for which appropriate information exists. Denslty and numbers
of species did not oscillate at these three distant offshore stations as they
did at the stations nearer shore and in the river, By the end of the period
studied, number of specles had declined below the initial level at statiom 5,
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“Differential Mortallty

. ghowed that rates of mortality of that polychaete were not significently  __|
z“diffe:enp_acﬂtha‘0.95W1gvg}"oﬁ_confidcn¢e,waccoxding to classical statistics.

.

)
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’ One-way analysis of variance and covariance of densities of Mediomastus :
‘at stations 9, 10, 20, and 35, from August, 1970, the first season of re-

cruitment after the epill, through June, 1971, just before the second season,,

3

This lack of significance probably reflects the broad scatter and fewness of
‘points for each regression curve. All four regressions were negative in
‘slope. That for station 10 was steepest, -1649, because the density was very
much greater in August than in later wonthe, and three to five times greater
‘than densities at the other three stations. The curve described by the re- |
‘maining pointe wassimilar to those of the other stations. The slope of the
‘curve for station 9 was -796, that for siation 35 was -890, and that for sta-
‘tion 20 was -714. ! _ i
' : i g

; The seme analysis of the density of the xest of the fauna at these same %
‘stations in ¢he second year also showed thar regresssions were not gipgnifi-
cantly different from ome another at the 0.95 level of confidence. The slopes
of these regressions were such less than those for Mediomastus. The slope
was greatest for statiom 10 (~343), less for station 9 {-199), slight for sta-
‘tion 20 (-54). The slope for statlon 35 was positive (+83). The relatively -
high density at station 10 in August, 1970, ccnsiderably increased the slope
of the curve. , .. .. '

ESubdomi.nant:s

. Subdominants here arz those species which composed mors than 107 of the :
fauna without the one most abundant species, either Capitella or Medio-
mastue. ‘ : =

. » :

At station 31 subdominants composed about 75% of the many samples in
'which there were subdominants (Figure 33). TFour samples lacked subdowminants.
There was no obvious tendency for the proportion of subdominants to decrease
‘with the passage of time. In general, two species were subdominant in any
one sample, especially in the later years. The subdominants belong to two
major taxa, Polychaeta and Gastropoda. The Polydora ligni-Microphthalmus
‘aberrang assemblage of the first months gave way in the summer of 1970 to the
‘Haminoea solitaria-Bittiun alternatum assemblage. By early 1973 Streblospic
benedicti and Nereis succinea were the chief gubdominants. Several specles
‘were subdominant only occaslonally, and no one species was subdominant in a
large number of samples throughout the sampling period. Only Mierophthalmue
aberrans seems to have been seasonal in abundance. Eight of the eleven species
subdominant at this station wers subdominant at sntertidal stations IL and
IV, despite differences in sediments and water depth.

At station 9 subdominants occurred in every gsample, and composed slight-
1y less than half of the fauna (Figure 34). The number of subdominants in a
sample decreased with time. The subdominants belong to four major taxa,
Polychaeta, Gastropoda, Bivalvia, and Nemertinea. The Tubulagnus pellucidus

- assemblage of the first few months gave way te the Syllides verrilli-Nephtye
' inoisa assemblage. Gastropods became less common after che first year, and . To
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' *bne specles of Odostomia succeeded another. During the second year,the gub- |
dominan: portion of the fauna decreased, espacially after Macoma tenta waned.
eive-. Minuspio eilrriferc was the most constant subdominant in the late second and
"... 7 'early third year. Most species were subdominant in only a few months, sever-
al were so in consecutive months. The subdominants of this station were not
.those of statiom 31. o s
-t -~ The specifie “and temporal arrays of subdominants at station 10 (Figure"
35) were very similar to those at station 9. Cylichna oryza and Sphaerosyl-
'1i8 hystriz were more commonly subdominant at station 10, Odostomia
winkleyi less so. Fewer species were subdominant at any one time at station
10, but on the average composed slightly more of the fauna here than at sta-
‘tion 9. The tendency for reduction in numbers of species subdominant in a
sample with the passage of time was less clear at station 10. As at station
9, subdominants occurred in every sample, and belonged to the same major taxa.
.Capitella, so abundant at station 31, was subdomirnant at station 10 only in
August, 1971, vhen fuel oil reinvaded this site. The subdominants of statiom
10 were not those of station 31, Sphaerosyllis hystrix appears to have been
seasonal in abundance.

All samples at station 5contained subdminants, which comprised, on the
average only about 407 of the fauna (Figure 36). This proportion increased
slightly with time. The number of subdominants in a sample was almost always
two. At botht his station and station 20, Sphaercsyllis hystric was most com—
mon in the autumm, winter, and spring, whereas Frogone verugera was most com-—
mon in the late spring and early summer. When the bottom sediments were
unusually fine, the subdominants were unusual in theilr paucity (August, 1970)
or identity (February, 1971). HMembers of two major taxa, Polychaeta and
Gastropoda, were abundant. Wherecas polychaetes were subdominant in every
sample, gastropods became subdominant only in the second year. Some of the
species subdominant at station 5 were such at stations at stations 9 and 10,
but none was subdominant at statiom 3l.

The elght species subdominant at station 20 belong to two major taxa,
Polychaeta and Nemertinea, and on the average composed about 46% of the
fauna (Figure 37). This proportion increased somewhat in the latter half of
the first year. Subdominants, usually two, cccurred in every sample. Para-
pionosyllis longicirrata, also commonly subdominant at station 5, was sub-
dominant for a longer tiw: at station 20. Most of the specles subdominant at
this station were so at = :tiom 5 as well. Station 20 shared only Pectinaria
gouldii and Sphaerosyllis ~ystriz as subdominants with stations 9 and 10.
None uf the species subdeminant at station 20 was so at station 31.

The average proportion of the fauna comprised by subdominants was only
one-third at station 35 (Figure 38). The change in thie proportion was
slight and seemingly seasonal. Subdominants, usually two, werg in every
sample. Sphaercsyllis hystrix was abundant in the autumn, winter, and early -
spring here as at stations 5 and 20, /Ampelisea vedormen was usually subdom-
inant in the spring and early summer, whereas A. abdita prevailed in colder
seasons. Gastropods did not appear until late in the second year, along
with a polychaete different from its predecessors.  Some of the subdominancs
at station 35 were also subdominant at statien 20, 5, 9, and 10. HNone was in
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Replicate samples

Subdominants at station II.
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Figure 39.
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) iﬁéommon with acaéion 31. Of the subtidal stations, station 35 was unusual 1n~{

ey

TYPING GUIDE SHEET
CNTER
OEPAGT

H

?its high proportion of amphipods. i i

j At intertidal station II subdominants composed, on the average, 754 of
‘those samples which uad subdominants (Figure 39). The percentage decreased

" glightly in the second year. Two samples lacked subdominanta. As at station
+31 and IV, the number of subdominants i{n a sample was fairly variable; 1t _ .

increased slightly with the passage of time. Gemma germa was subdominant
only in the first few days after the spill. Hydrobia totteni was the only
‘species which was subdominant in several samples; others occurred sporadical-
ly. 1In the second year the Nereis suceinea-Streblospio benedicti assemblage
became subdominant. Many species subdominant at this station were 80 at
station 31. :

;

; " At intertidal station IV subdominants composed alwost 80X of the sam-
ples which had subdominants; the proportion fluctuated somewhat {Figure 40).
Six samples were too sparse to have subdominants. The nmumber of subdominants
in a sample increased with the passage of time. A= at station 1I, Gemma
‘gemma was common only in the first few days after the spill. Hydrobia totte-
1t and Syllides verrilli were subdominant in several samples. Nereis
‘suceinea and Streblospio benedicti occurred together here, as at station II,
‘but their relative proportions were reversed. Both here and at station 31,
Spio filicornis became abundant in the third year. Several species were sub-
dominant infrequently. ;
: At the control station in Sippewissett Marsh two specles composed more
than - 10%Z of a sample, and together made up about 77% of the fauna (Figure
41)}. This percentage varied, but did not show any temporal trend. Hydrobia
‘totteni occurred in all samples and was dominant in three. The suite of
-species which together composed about %07 of the fauna was almost always the
gsame. Capitella was abundant only when it invaded from test plots. Several
‘specles which were abundant in Sippewissett Marsh were subdominant in the in-
tertidal zone of Wild Harbor River as well, hut the minor speciles at the con—
trol station were different.

Ampeliscid Amphipods

. At station 31 five living ampeliscids vere taken in a trawl sample three
days after the spill. From September 25, 1969, to January, 1973, these ani-
mals were absent from this station. Living ampeliscids were absent from sta-
tion 30 in the first months after the spill. Their appearancein later months
was sporadic.

At station 9 these amphipods died almost immediately aftexr the spill
{(Figure 42). From October, 1969, through July, 1970, only dead ampeliscids
were found. Within the next month, they began to recolonize this station.
Thereafter live animals were more numerocus than dead. The pattern was very
similar at station 10 (Figure 43). Shortly after the spill the living out-—
numbered the dead, but from October, 1969, through August, 1970, more ampeli-
scids were dead than alive. Living animals arrived at this station in

' _September, 1970, and were more numerous than dead ones until August, 1971,

50
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‘when less-depraded #2 fuel oil reinvaded this site. In that month, amphipods, . a:f
as well as many other kinds of animals, died. Within four months pollution B
. lessened, and smphipods again re-establi-ed themselves at station 10.

| Shortly after the spill, amphipods at station 20 were little affected by
the already markedly modified oil in the sediments (Figure 44). By October,
however, less-degraded oil arrived at this site and killed most of the amphi~
pods. From Hovember, 1969, through June, 1970, ampeliscids, both living and
dead, were generally few. The amphipods quickly recolonized this site in the
: summer of 1970, and living animals considerably outnumbered the dead. Am-

{ peliscids continued to live at this station for the rest of the sampling
period.

g ; At station 35 ampeliscids suffered only alightly from the oil (Figure
45}, After October, 1969, living animale were abundant, dead ones rare or
absent. At offshore station 36, ampeliscids flourished between November,
1969, and February, 1971. The number of ampeliscids seems to have been nor-
mal in November, 1969, at station 37, where fuel oil was absent from the
sediments. In the winter and early spring following the spill, fuel oil in-
vaded this site and the ampeliscids died. - e

| Coefficient of Vériation

The curves (Figure 46) representing the coefficiente of variation of i
species laving a mean density of three or more at each station form three v
groups: that of stations 20 and 35, that of stations ¥ and 10, and that of '
station 31, in order of increasing coefficlent., Forty-two percent of these
gpecies at stations 20 and 35 have coefficients lower than the least value at
station 9; 697 of the species at station 20 and 55% of those at station 35
have coefficients lower than the lowest value of station 31. Only 28% of the
species at station 10 and 30% of those at station 9 have coefficients lower
than the least value at station 31. The greatest value at station 35 is con-
sidersbly lower than the highest values of the other statiens.

[P

HMany of the speclea numerous at gtations 9, 10, and 31 were quite vari-
able in abundance (Figure 47). Specles abundant at gtations 20 and 35 were
only slightly variable. At all stations, minor species were variable in abun-
dance, move so at stations 9, 10, and 31. We have excluded from this analysis
four species so much more abundant in the second year at stations 9, 10, 20
: and 35 that their high coefficients overshadow those coefficients of other
_ species. The specles excluded are Mediomaatus ambiseta, Glyeinde solitaria,

j Minuspio ctirrifera, and Odostomia winkleyi,and the abundant but transient

! Pholoe minuta and Pectinaria gouldii, Also omitted are epifaunal species
(amphipods, and gastropods other than naticids) because they tend to respond
to surficial features and are, therefore, more patchily distributed (more
varlable from sample to samp%e) thame are infaunal species.

We ranked the stations according to increasing coefficient of varia- o
tion within each of several density intervals (7zble 4) and used Kendall's ' .
Coefficient of Concordance (Siegel, 1956) to test whether the ranks of a ' o
station in all density intervals are gimilar among themselves. Tor these five :
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Figure 47.

=
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MEAN DENSITY

Relationship between coefficient of variation and
mean density of species at stations 31, 9, 10, 20,
and 35. Epifaunal species, specles much more abun-
dant in the second year than in the first, and
transient gpecies omitted.
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. TABLE 4. RANKS OF STATIONS 20, 35, 10, 9, AND 31 BY INCREASING COEFFI- o
C CIENTS OF VARIATION AT THE MEAN DENSITY INTERVALS. RANKS IN. . ...
BRACKETS OMITTED FROM ANALYSIS

Stations
Density : Mean 20 35 10 9 31
interval density
1000
K _ 1 2 4 5 3
100 : ' '
J o (1} (2) (3) - C(4)
i I 2 1 4 3 5
20
H P 1 4 3 5
10
G 1 2 4 3 5
5.0
F : 1 4 3 2 5
2,5
E 3 2 5 4 1
1.0
D 1 3 2 4 5
0.5
c 3 1 2 4 5
0.2
B 2 1 3 4 5
0.1
Sum 16 17 31 42 39
L Av. Rank 1.78 1.89 3.44 3.56 4,33
: 56
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-stations and tha four density intervals of mean density greater than five

contgining valuas for every station, the observed sum of squares, 128, ex-
ceeds the eritical value, 109.3, at the 0.01 level of significance. We there-

fore rejected the null hypothesils that the rank of a station according to co-
efficient of variation is independent of density at the 99% confidence limic.
“‘Lack of representation of stacion 9 forced us to omit mean density interval J

‘from the calculations, Stations 20 and 35 have the lcwest mean ranks in most

“'intervals, including interval J.  The values for stations ¢ and 10 are simi-

lar, and higher than those for stations 20 and 35, indicating that the faunas

‘at the nearcr-shore stations fluctuated much more than those of stations 20

and 35. Keadall's Coefficient of Concordance over the intervals of lower

‘mean density, B-F, for the five stations yields a %2 of 6.80; the probabllity

that the renks are independent of demsity is between 0.20 and 0.10. Even at
these low mean densities, the faunas at stations 20 and 35 clearly tended to
be less variable than those at stations 9, 10, and 31.

Ta soven of the nime intervals, station 31 rauks fi1£th, most veriable.

‘In interval J, omitted from the calculations, this station also ranks last.
1t rahks f£irst in interval E, and third in interval K. In interval E, how-

ever, ouly Syllidss verrilli is present. The high average rank, 4.33, indi-
catas that changes in density and faunal composition at this station were
sudden and rapid for at least three years after thke spill.

We used the Mann-Whitney U Test to test the null hypothesis that the
mean coefficient of variation for a suite of specles each having a given wmini-
mal mean density (here, 3 individuals in 1/25 m?) at one station is not signi-
ficantly different from the mean coefficient of variatlon for the correspon~
ding suite of species from another station. Because mode of life and temporal
constancy are of no import to these calculations, all specles of requisite
mean density are included. This test shows (Table 5) that only two palrs of
stations, 20 and 35, and 9 and 10, have mean coefficients of variation not
significantly different. Station 31 is significantly different from each of
the other stations in this regard.

The mean coefficients of statione 20 and 35 are not significantly dif-
ferent, and the arithmetic difference between them is slight (Table 5). The
overlap of the ranges of coefficients is fairly great (Pigure 4B). Amphipods
were less varisble in abundance at statien 35 than at atation 20, whereas
Parapioncsyliie longicirrata, Brania wellfleetensis, and Amphareta arctica
were more variable at starion 35. These differences lessened the similarity

of the mean coefficients of these two stations.

The mean coefficients of stations 9 and 10 are statistically and
arithmetically eimilar, The overlap of the ranges of coefficients is con-
siderable (Tigure 49). Mediomastus ambiseta was much less variable at statiom -
9, Sphaerosyllis hystrix, Glycera amerioe~ ., and Phascolion strombi were
less variable at station 10.

The mean coefficlent of variation of station 31 is significantly dif-
ferent from those of the other stations; the arithmetic differences are

-cgnsiderable. The range of coefficients of this station and those of
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STATION 35 (8}
Lylichng oryzo
Minuspie cirritara
Mifrelia tunolo
Bolta colhorinansis
Ampharata orehicd
Parapionosyllis tengiclreato
Mgcoma tsnta
Luconpcia incarta
Bronio wellllearansn
Kediomgalus oiasdatd

R A IECTRRy (R

e
"

STATION 20 D)

Pholow minuta
Pettinario gouldit

Cerotlodarmng gnanulaluth -
Glycinds soliiarui o A Giycinde sohltario
Poctingtia gouldii H : A Ampalisce yodoram
Corophium tuberculotum gt B Carostodarma pianuiplum
Helinna <risioln . ; Wediomotiut ombisalo
Ddosiomic winklay! Ve Bosirichobranchus pitelaris
Priting $p ] Phyiiodoce oranot
Syildes varrilli ) Eumidg songuined

o Trbulonus pellucidus

Unciola wrarote
Byblis 3acroln

“o-a

Leptognrathig sp.
Oyblis s¢crole

Tarbanitla inlerrupta
Pinnizio thosioplaronqg '. Spl\_elrpulfcl wrinGcaus B
Hatica pusslle ;:rbomllo interrupfta

hiline $p.

Ampeliscs abdifo
.Sphaerosylls hystriz
Sphoerciyliis arinacaus
Exogons dispor

Glycera omericdna
Pronitiailo prasteemissa
Ampeliaca wrnath
Tubutanus pelivcdus
Phoscohen strombi
Naphtys ingise
Ampahseo vadirum

9
Lumbrineris foduis ; 3

;
H

Cascum coopal
Caviterlello sp.
Amphuréte aiclico
Dofvilien cavco
Spiaphores bombya
Nemarting B
Ephasieils minyla
Notica pusilla
Chastorone 9.
Acoel A

Aricidea jelfraysii

I
Bronis clovole v Exogons dispor
Hemtrline B 1. Syilides verrilli
Choetolone ep " Sphaerosy!is hysiria
HNinpe nigiipes v Lumbrineris Venuis
Aritidea jeffreysii a” 3 e Glycero americoro
: H Mephtys picle
A H Hronio wellileatonsis
f Exogone verugera
! Parapionosylus fongiciregia
' Frolodarvitita gospeensis
[+] o5 10 15 20 2.5 30 35 40

COEFFICIENT OF VARIATION

Coefficients of variation of all species having
mean densities of 3 or wore in 1/25 m? at sta-

tions 35 and 20.

Figure 48.
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STAVION 10 @)

@ Erichthonion brosilisnsis
Maotomo tenla
L Togelus divitus
o Anodoro tronsverso
. © - Huhnia loteralis
o Corophium tuberculoium
@ Asicidzo jetiveyti
/0 Topitella spp.
[ . Peclingria gouldii
o : “Aadiomozics ambiseta
- "odorke obscura
Tokting aogilis
Acleocing condliculsta
Cylichna oryre
Glycinde soliforia
Cumidu songuingo
MEinuspio carifera
Chastozona sp.
Asychis eongola
Atapulisco sbéita
Mitrelio lunola
Turbonilia interrypta
Phuline sp
Odostomia winhleyi
Nemertine 8
Prolodorvilies gaspeensis
.. Hepalys intise
- Nucuka annulata f .
Phascolion sirombi .
. Bylides verrdli
Giycera amaricona
Sphavrosylis eringgeus
. Ddostomue sumuer:
Notico pusila
Tubulonus pallucidus
Sphoerosyllis hysiris

(91926
i

e

o9,

Fagreommmmanemam e e

STAION 3t (Xx)
Streblospio Benedicti
Platynsreis dumerlit
Microphthalmus obersans
Odostomic bisuturalis
Polydora higni
Billium ollernatum
Prionospio hetérdbroachio
Mitrelin 'ynolo
Podorke obscurn
Sayella futco
Caopitetla tpp.
Hominges solitarea
Eumida sarguineg
Nereis sicciaga

99909000
P
o

-2-F-Y
a@e
L)
x

e
x
N
[ PR .

L+] 05 10 18 ° 25 30 35 40
COEFFICIENT OF YARIATION

Figure 51. Coefficients of variation of all species having
mean densities of 3 or more in 1/25 m? at sta-
ticns 31 and 10.
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SHATION 20 (D)

Pholos minute
. Pectinaria gowldil
Giycinde solitoria
Ampelisca vodorcm
Cerastoderma pinnulatum
Mediomastes ombiseta
Bosirichobranchus pilukaris
Phyilodoce arexse
Eumido sanquinea
Tubulanus pellucidus
Laptogngihio sp.

Byblis serrote
Sphaerosytlis wrinacaus
Turbonilia intarrupta
Phitina sp.

Ceacurn cooperi
Coullerielia %p.
Ampharels gretico
Dorviltea coeca
Spiophonas bombyx
Hemerline B

Lot e e es e seeoe(D) 1263

.

.

.

.

'
Ephasiello minuta n E g . STAYiON 3t (x}
Nalica pusilio v o X Strebtorpio benedicti
Chaslpzons 1p, 3 : 7 K Pigtyntris dumerfi
Acoai A - I ¥ x Microphtholmus cberrons
Aricidao feffraysil 1 N ' )! Gdontomio bisuluralis

: ! . Exogona dispar . n Polydora ligai
' Syllidas varrilli & : )'/x Bittiom uhgmu!um
Sphaerosylis hystrix N X Prionotpo hetarcbranchia
Lumbrineris tenois ; H X Hitrelio [unola
Glycars americena H ,* : Podorke obstura
Rephtys picla g H x : Soyetlae fusca
Bronia wellflsotensis A ' )E H Caopitella spp.
Erogone verugero p PR H Hominogo totilaria
Porapionosyllis lnnqicinurun}:l . T : Eumida songuinga
' Protodorvillen gospesnsis Ha i Narsis sutcinec
: x LA : "
0 (14 19 15 20 25 50 35 40
COEFFICIENT OF VARIATION

Figure 52. Coefficients of variation of all species having mean
densities of 3 or more in 1/25 m? at stations 31 and
20,

g
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Figure 53.

CSTAFiON S5 (B}

Cylithno oryzo
Minuspio cirriters
Mitrella funclo

Baleo cathorinensiy
Amphgrata arctica :
Paropionasyllis tongicirroto
Mocomo tentg
Luconacia inceria
Bronio weilflaeiensis
Madoimosiys ambiseto
Ceroaiodarmo pinaulobym
Glycinda solitaria
Peclingria goubdii
Gorophium tubercyiotum
akana crisigia
Odostomia sinkieyl
Philine 2

Syllices verrithi

Uncwpla irrorate

Byblis serrola
Turoonillo intereupto
Pinpikio chostopterans
Matica puttle
Amputisce obdie
Sphaarosylls hysirix
Sphosrosyllis srinocevs
Exqqone Oispar

Gtycero omesicona
Proxiliella prostermissd
Ampehico verail
Tubulonus pelivcidus
Phascolion slramdi
Kephtys incisa £
Ampalisco vodorem -]
Lumbrinens leauis
Gromo clavato
Nemactine D

Chostorone $p [ ]
Hinoe nighpes g
Aviciden jafireysis B

-]

B
A aepap 2.

Hex
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2
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x
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STATION 31 (%}
Sireblozpio besedicli
Plalynereis dumariii
Microphthofmus obesrons
Odoslomia bisuluralis
Polydora ligni
Billium ofteraatum

Prionotpio helerobranchio

Mitretlo lunata
Podarks obicurt
Sayaila fusia
Copiilo tpp.
Hominoea sokitaria
Fumido sanguirgo
Nersis succines

L] 05

5

U 2¢
COEFFICIENT OF VARIATION
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20

Coefficients of variation of all specles having
mean densities of 3 or more in 1/25 m? at sta-
tions 31 and 33.
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Figure 54.

o Ao

SrarioNn 2o (o}
Pholoe munvia
Petlinono goutdii
Giycinde soldara
Ampelitto vogdoram . ,D
Cerosir.darma pinautotum
Mediomostus embiselo
Bostrichubranchys pilufars
Phyllsdoce orenae
Eumida 1osquimnen
Tubytanus pelucitus
Leprognathia §p
Bybtis sérrate
Sphaarosyllis erinoceus
Turbonille interruple
Phikne wp
Cascum copperi
Cavllecinile 3p.
Ampharele archico
Dorvilleo cooco
Spiophanes bombyx
Nemertine B
Ephasielia mu.ula
Halico pusitia
Chastozone p
Acosl A .
Aricidao jatlreysii
Exogons drspar
SyHides werritli
Sphosrosyliss hystrin
Lumbrinaris ténuit
Glycera omericana
Naphtys pitka
Bronio wtlitieatensis
Exogone verugero
Paropendsyliey lonqicierata B
Protodorsilles gospeansia O 8]

So-m- e (EVRTTT

1
'
5
.
.
v
.
]
v
v
.
'
'
N

o
o—""

(D) 1.263
%

STATION 8 (O

Maocoma Hnig

Hulinia lalerasis
Pociinaria gouldi
Peovillglio prostermisso
Togelus divisus

Teltino agiks

KMinutpie citrifara
Phossotion strombi
Giycera amaricona
Glycinde sohtaria
Acieocing conalicuialo
Cylithne oryro
Sphoerotyllis hystrix
Sphosrosy'lis ermnoceus
Odoslomio winklayi
Hydiamastus ombisote
Ampslisca obdite
Chostorona %p.
Hamertine B
Tubulunys pailucidus
Odostomia sumnari
Naphtys incha

Sylides vernlt

] o5 L1+] 15 20 25 3‘0
COEFFICIENY OF VARIATION
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tions 9 and 20,

63

el ot W) 45

35

49

Coefficients of variation of all species having
mean densities of 3 or more in 1/25 m
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seen i

STarion 20 (o}
Pholos minyto
Pattinanig qouldii
Glycinde soldaria

STATION 10 (@}

] gp/o Etichihonius brasiliensis
—"""g Mocoma fente

2

o a8

T 2

v ]

'
Ampatisca vadorom ) ,E /0 Tagetus divisus
Cerosladermo pinnuialum ' o H 9 Anndora tranyvarsg
#pdiomostus ombisata f . /Q Hutinio loteralis
Bosirichabranchus pilelong ' H Corophium 1sberculalum
Phyllodoce arenae ' H Aticidua jaffraysit
Eumide songuines ' . A Caopilelio spp.
Tubulonus pellucidus . H Paclinario gouldii
Leptoghoihio 1p ’ HE. ] Moedigmasive ambissto
Byblin sarrota ' H Podorke cbicuro
Sphoerosyllis erinoceus ] H Tellina agilin
Turbenille interrupta 0 Acteocing connlicuiote
Philing 3p. Q Cylichng oryzo
Coscum cooperi @ Glyeinde tolitoria

Eumide songuinsa )
Minuspio cirrilerg
Chaetozone sp.

Asychis efongata
Ampalista obdilo

Mitrello fenoto

Tusbonille iateerupla
Philing £

Qdostomia winkleyh
Nemertine B
Protodorwilies gaspeensis
Hephtys incite

Nutule gnnuiota
Phoscolion stromby

.
Caulterlslla sp. :
Amphargte orelica H
Dorvitlea coeca .
Spisphones bombyx :
Hemaerling B N
:
H
.
.

%05

Ephasiailo minuto

Matica pusillg

Choglarone sp.

Acosl A Q
Ancideo jettreysii

Exagose dispor

Syltides vorrith

Sphoerosyllis hystrix

Lumbrinaris tenus ;

Sphoerogyllis hystrix '

Glytera omericons g : Syludes varrilfi
Kephtyy piclo : @, Glycera smericona
Bronio weltflestensis )l @, Sphotrosythin ernaceus
Exogone verugera G Odosteenia sumnari
Parapionosyllis laagicitrata 2 H Nolica pusiBa
Protodorvitiea gospeansis H T:bulanus pellucidus

.

.

®ooe .
E B L L L T e —"

o 08 1o I8 25 30 35 40 |
COEFFICIENT OF VARIATION

-

Figure 55. Coefficients of varlation of all species having mean
densities of 3 or wore in 1/25 m? at stations 10 and
20,
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STATION 35 (W)
Cylichno aryro
Minuspio cirrifare
Hitcalio funola
Botes cothaorinenyis
Ampharelo arctica
Parapicnosyllis loagicircata
Mocoma fento
Luconacio incerio
Branio welllizetanus
Kadiomostus ambisota
Carasrodarma pianulotym
Glytinde salitaria
Peclinario gouldil
Corcphium lubercalolum
Helinne cristoto
Odasiomin winkkeyi

,

LY

oo
t‘*i

Phuling sp

Syllides varnlli p.
Uncioka irrorsto

Bybhs serrolo . ;
Turbonille intarrupte n

Pinniig chaeloplarong *
Halica pusiila 9
Ampstisca ghdita | J
Sphoerosyllis hyetria
Sphagrosyhis erinoceus
Excqone dispar

Glycera omericana [id
Praxiflslto prooteremisso
Ampehisca verrilh ;
Tubulonus peltutidus
Phoscolion siromby

Nephtys incisa

Ampatisca vodorum

Lumbrineris tenuls :
Braonio clovata
Nemarting B

h
H
Chaslozone 1p. z :
Ninow mgripas . H
Aricides jeffreysii & Q H

«wee {6 1.353
-\

STATION 9 (O) .
Mocoma tente
Butinio loteralis
Peclingrio goulsii
Praxiliello progieemisia
Togelus divitus
Teilina pyilis
Minuspia cirrifgra
Phoscalion strombi
Glycers am#ricons
Glycinde solitarw
Aclepring canalicylate
Cylichaw eyio
Sphoatasyliis hystria
Sphoarosyiis ennocaus
Qdostomiy wahleyi
Kediomastus ombizeta
Ampelisca obdita
Chsoelozons sg.
Nemeeiine B
Tubutarus petiucidus
COdostomio sumnesi
Raphiys wcig
Syllidas verrlli

L] 035 10 t5 20 F4] 30
COEFFICIENT OF VARIATION

Figure 56, Coefficients of variation of all species having
mean densiities of 3 or more in 1/25 m? at sta-

tions 9 and 35.
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STATIGN 35 (m)
Cylichno oay1a
Minuipit i rifara
Milreila lensta
Botan cathurinungis
Amphoreta arclicg
Poropionosytily longicirrata
Macomo lanta
Luconocia inceria
Broaia welXlgsiensis
Madwomastel ambielo
Corostodarma pivnalotym
Glycinds saliterio
Paclingog 9oyl
Corophiym taliercutatom
Halineo criviots
Odastomio winkteyi
Fhutine +p
SyHida verrilli
Ungiola irrorate
Byblis werrata
Turbenilig ixterrupla
Pinnimio chaetepterane
Nalica pusita
Ampalikcg obdilo
Sphosrosyllin Kystrix
Sphaorosylis #ringcevs
Exogons disaor
Gtyceca omsricana
Praxiitello proglermissa
Ampelisca sernil

k4
a
¢
!
Tubulanus pallucidus
!
?
#

(gx) 1.353

g (B 1,528
.
K
i

N
@
N

l-"ﬂ..

5y

B %
2,
Oe@

o
T
%%0a,

We@gw

Phoscelon tlrombi
Nephlys incus
Ampelisto vogdorum
Lumbrinaris lenuis
Bromo clovalo
Homartine B P
Chatlozone 19, [ &
Minge nigripts /d
Aricideo jellroysii & ]

-
.............:e.'.. Do

3y N

6 05 16 15 zu 26 30 35 40
COEFFICIENT OF VARIATION

STAYION 10 (@)

0 Erichthoniun brositintis

Mocomg lonla

Tagelus divisus
Ansdore treatveria
Mulinio laterabis
Corophivm tubsrculmtum
Aricidan jetraysii
Cepitello tpp
Pectinanio govidd
Maediomatius ombisole
Podorhe obicurs
Tetlina cgilis
Acteocing cenalicwolo
Cylichno oryra
Glycinda tokdaria
Eumido sanquinsa
RKinoepio cirtitara
Choelozone ¢p.

Abychis eiongote
Amgpelisco obdila
Hitreille lunalo

- Tuthonilla nterrupto

Philine 5.

Odostomin winhleyi
Nemerijing B
Protodorvtien qoapaansis
Nephiys arciso

Nutels onnaloty
Prgycolion sirombi
Cylhdes veerily
Glycera emaricone
Sphosrotylks crinocaus
Cdoslomia sumnert

. Nalca pusitia

Tubulones pellucidus
Sphoarosylles hysinx

Figure 57. Coefficients of variation of all species having
mean densities of 3 or more in 1/25 m? at sta-

tions 10 and 33.
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TABLE 5. PROBABILITY VALUES ASSOCIATED WITH THE MANN-WHITNEY U TEST OF CO-
EFFICLENTS OF VARIATION COMPARISONS BETWEEN ANY THO STATIONS.
DIFFBRENCE BETWEEN MEAN COEFFICIERTS OF VARIATION OF ANY TWO
STATIONS , )

Stacion 20 35 10 9 31 Mean C. V.

20 X 0.090 0.663 0,514 0.933 1.263
35 0.4716 X 0,573 0.424 0.843 1.353
10  0.00006  0.0006 X 0.149 0,270 1.926
9 0.00L 0.008 0.4778 X 0.419 1.777
31 0.00006  0.00046 . 0.0672  0.0524 X 2,196
No. specles 36 40 36 23 14
'TABLE 6. NUMBER OF SPECIES PRESENT AT MEAN DENSITIES >3.0 IN

1/25
THAT COEFFICIENTS OF VARIATION FOR

TWO STATIONS ARE NOT DIFFERENT.

M2 COMMON TO EACH PAIR OF STATIONS; PROBABILITY
SPECIES SHARED BY

Station 20 35 10 -~ 9 31
20 X 0.832 0.076 0,764 -
35 22 X 0.004 0.030 -
10 16 22 X 0.524 -

9 10 18 22 X -
31 1 1 4 0 X
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- gtations 9 and 10, respectively, overlap to a moderate or cansiderable extent

(Figure 50, 51). The range of coefficients of station 31 end those of sta-
tions 20 and 35, respectively, overlap little or not at all (Figures 52, 53).
The one species common to stations 31 and 35, Mitrella lunata, was more vari-
able at station 35. The mean coefficients of stations 31 and 10 differ to a
lesser extent than the p value of 0,0672 might suggest. This anomaly may be
due fn part to the fact that five of the coefficients of stacion 10 are great-
er than 3.0, whereas only one coefficient at station 31 is of this mapnitude.

The mean coefficlents of variation of the four remaining pairs of sta—
tions (Figures 54-57) are also signficiantly different. In each case, the
station nearer shorehas a mean coefficient greater than that of the station
farther from shore. The majority of species shared by two stations have

‘higher coefficents at the station closer to shore. Overlaps of ranges of

coefficlents are slight to moderate.

Some may argue that those species occurring at only the more heavily

' oiled atations owe their presence there solely to the oil, and are by nature

more variable than those species at lightly niled stations, and further that
these variable species at the more heavily oiled sites may unduly influence
the patterns of the coefficients of variation. To answer this objection, we
inelude in another analysis only those species shared by any two stations at
mean densities of three or more. Because only four species at station 31
occurred at any of the other four stations in densities sufficient for valid
tescing, we omitted station 31 from the analysis.

The null hypothesils states:
P, >Hp) = pX <Kp) = 1/2

in which X are coefficients of variation at station A, and XB are coeffi-~
cients of 6ariation at statlon B. The null hypothesis is proven when half of
the species common to the two stations have higher coefficients at one of the
stations. The greater the departure from parity, the lower the probability,
p, that the coefficients of variation at the two stations are not significant-
ly different.

The large values of p for pairs of stations 20 and 35, 9 and 20, and 9
and 10 show that the coefficients for species shared here are not significant-
1y different {Table 6). The results for stations 20 and 35 and stations 9 and
10 agree with the results of the test in which every species present ata mean
density of three or more 1is included regardless of its absence from a station.
The high p value of 0.754 for stations 9 and 20 differs greatly from the
earlier value of less than 0.001. As in the earlier test, the p values of
the remaining pairs of stations demonstrate that the coefficients of varia-
tion of the shared species are aignificantly different.

To reduce noise, we removed Glyeinde solitaria, Minuspto cirrifera,
Mediomastus ambiseta, and Odostomia winkleyi, whichwere much more abundant
in the second year after the =pill than in the first, and Pectinaria gouldit,
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“which was present at very low constancy. Thic test (Table 7)also yields p

values greater than 0.5 for palrs of stations 20 and 35, and 9 and 10. The
p value for the pair 9 and 20 is much lower in this test than that in which
all abundant: species in common are included. The number of specles shared
by stations 9 and 20 is seven, marginally low. Although six of these seven
specigs have higher coefficients at station 9, the p value is only 0.124.

TABLE 7. NUMBER OF SPECIES PRESENT AT MEAN DENSITIES > 3.0 IN 1/25 M2 COMMON
TO EACH PAIR OF STATIONS. THE PROBABILITY THAT THE COEFFICIENTS OF
VARIATION OF SPECIES SHARED BY TWO STATIONS ARE NOT DIFFERENT,
OMITTING FOUR SPECIES MUCH MORE ABUNDANT AT ALL FOUR STATIONS IN
THE SFCOND YEAR THAN IN THE FIRST, AND A FIFTH SPECIES OF LOW

CONSTANCY
Station 20 35 10 9
20 X 1.000 0.022  0.124
35 19 X 0.c12  0.022
10 13 17 X 0.630
9 7 13 17 X

Constancy

Both absolute and relative numbers of species present in more than 45%
of the samples from a station was greatest at statlons farthest from shore
and least at stations 31, II, and IV (Table 8).

Almost all species constant at station 31 were infrequent at the off-
shore stations. Almost all the highly constant specles of stations 9 and 10
were as constant or much move constant at the stations farther offshore.

Only a very few species vere most constant .t stations 9 and 10. Several
species were highly constant at one or more of stations 5, 20, and 35. The
proportion of highly constant species was greatest at the three stations far-
thest from shore, and least at nuarshore stationm 31 (Figure 58).

More species and a greater proportion of species were constant at the
control station in Sippewissett Marsh than at stations II and IV in the inter-
tidal zone of Wild Harbor River (Tabla 8, Figure 59). Most of the constant
species common to Sippewissett and either of the other stations were more
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" conetant at the control station. Hydrobia totteni, Streblospio bemedicti,

and Fdotea momtosa occurred in every sample from Sippewissett. Only Capi-
tella occurred in every sample from station IV; the constancles of the species
in the Capitella capitata group were lower (Grassle and Grassle, 1977). The

_most constanf: specles at station II, Hydrobia fotteni, was not in every sam-
.ple. The sudden increase in numbers of Capitella in Sippewissett Marsh prob-
" ably reflects invasion by this polychaete from a nearby test plot. Gemmna

gemma occurred in most gamples from Sippewlssett; im Wild Harbor River, how-
ever, this blvalve died socn after the spill, did not reappear for a year,
and was thereafter infrequent and sparse. Gemma gemmg brooda its young, the
young settle near the mother, and dispersal is relatively slow. Members of
four major taxa weve constant in Sippewlssett Marsh; those of only two major

_ taxa were Constant in Wild Harbor River.

TAELE 8. ABSOLUTE AND RELATIVE NUMBERS OF SPECIES PRESENT IN
- MORE THAN 45% OF SAMPLES

Station Total - No, species - - X Snpeeles
cpecles with constancy with constancy

>.45 >.45

31 123 6 4.9
I 41 5 . 12.2
v 51 7 13.7
9 148 29 19.6

10 182 34 18.7
5 149 44 29.5

20 . 147 47 32.0
35 145 47 32.4

e Sipp. 30 10 33.3

DPiscrepany Index

Values of the discrepancy index for the whole fauna at stations 31, 9,
10, 20, and 35 between the filvrst and second years concur with the gradient
of oil-induced stress (Figure 60). Values were least at the rwo stations
farthest offshore, where concentrations of oll were lowest. Diecrepancy was
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Figure 60. Digscrepancy between the mean densities of the

firast and second years for species at stations
31, 9, 10, 20, and 35.
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Figure 61.

discrepancy in mean
second years at stations 31, g, 10, 20
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DISCREPARNCY

. BETWEEN
YEARS t.&2.
WITHOUT

AUGUST, 1870
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Figure 62, Discrepancy between the mean densities of the
first and second years, without the August, 1970,
samples, for speciles at atations 31, 9, 10, 20,
and 35. ‘
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Turbonilla interrupta
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Syllides verrllll
Exogong dlspar

® &9

Caecum puicheiium
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Nephtys picia
Caulerlella sp.
Glycera americana
Bostrichobranchus pllularis
Philine sp.
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Eumida sangulnea
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Figure 63. Changes in disparity (greater mean density divided
by lessar mean density) between first and second
year for apecies at station 20, upon omission of
August, 1970, sample.

75

hab 2 e Mtk e @



e e e e e . . - - - . T ,.! [

'F STATION 35 1 A > B a C 10D 25E50F1ooG
Odostomia winkleyl , ' ! ! ' oty
Glycinde solitario GO
Minuspio cirrifera -
Mitrella lunata [+ %
Coropfiium bituberculatum Q3
Tubulanus petlucidus '
Exogone dispar
Turbonilta Interrupta
Parapionosyllis longicirrata
Brania clovata
Glycera americona
Melinnag cristata OO
Mediomastus ombiseta R a5
Sphaerosyllis hystrix @-i»@
Luconacie incerta
Ampelisca abdita
Ampelisce vadorum
Ampelisca verrilti
Aricidea jeffreysh
Unciola irrorata
Praxillella prostermissa
Sphaerosyllis erinaceus
Nemertine B
Chaetozone sp.
Nephtys incisa
Phascolion strombi

2000606 @

®
¥
®

Ninoe nigrives

Brania wellfleetensis
Byblis serrata '
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Figure 64. Changes in disparity (greater mean density divided
by iesser mean density) between first and seccnd
year for specles at station 35, upon omission of
August, 1970, sample.
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Figure 65. Changes in disparity (greater mean density |
divided by lesser mean density) between first 1
and second year for species at station g, upon
omlssion of August, 1970, sample. E
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Figure 66. Changes in disparity (greater mean density divided
by lesser mean density) between first and second
year for species at station 10, upon omission of
August, 1970, sample.
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Figure 67.
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by leaser mean density) between the first and
second year for species at station 31, upon omis-
sion of August, 1970, sample.
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Figure 68. Species vhich together contributed almost 90% to

the discrepancy in mean densities of the first and
second years, without August, 1970, samples, at
stations 31, 9, 10, 20, and 35.
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' greater at intevmedintely oiled etations 9 and 10, and greatest at most heavi-

al 4

alyv oi
1y oiled station 31. Such pronounced differences relfect the large dispari-
ties not merely of the few very common species, but also of the numerous less
common specles. '

The number of very discrepant species which together account for ninety
percent of the total discrepancy is small at stations 31 and 9, but con—
siderably larger at the other three stations (Figure 61). Amphipods, de-
monstrated to be sensitive to oll, were among the discrepant apecles at
stations 20 and 35, but were absent from stations nearer shore. The discrep-
ant specles at station 31 were not those at the other four siations, whicn
shared a suite of species, chief among which were Mediomastus ambigeta,
Glyeinde solitaria, Minuspio cirrifera, and Odostomia winkleyt.

The influx of juveniles in August, 1970, lowered values of the discrep-
ancy index for the first two years, greatly at all of the more heavily oiled
stations, but only slightly at the minimally oiled sites (Figure 62). The
effect of the August, 1970, samples can be measured by placing, by gtation,
each specles for which the sum of the mean dencities of the first two years
was ten or more into one of seven categories of disparity. Uherever ex—
clusion of the August, 1970, sample results in a change of category, an arrow
shows the diremtion and magnitude of that change.

The majority of specles at minimally oiled atations 20 and 35 (Figures
63, 64) are in the category of least disparity., A, some in the catepory of
next smallest disparity, B, and only about one-sixth in categories of higher
disparity. Most species at stations 9, 10, and 31, however, are in categories
of intermediate or high disparity (Figures 65-67). Without the August, 1470,
samples, disparity considerably increased at statfons 9, 10, and 31, but in-
creasgd only slightly at stations 20 and 35. The proportion of change which
was to higher disparity was preatest at stations 31 and 9, somewhat less at
stations 10 and 20, and least at station 35 (Table 9).

The very heavy settlement of the young of many species at intermediately
oiled stations 9 and 10 in August, 1970, initiated the next phase of coloniza-
tion, although other species also more abundant in the second year had not
yet settled in great numbers. As these juvaniles grew during the second year,
they became crowded, and some speciles failed while others rapidly declined in
numbers. At minimally oiled stations 20 and 35 juveniles of only one species,
Mediomastus ambiseta, were numerous in August, 1970. The small differences
in disparity with and without the August,1970, sample indicate that the fauna
at these two stations changed relatively little from the first year to the
second. In August, 1970, the fauna at these two offshore stations was similar
in composition to that of both preceding and succeeding months. The propor-
tion of the discrepancy index contributed by the four species common to sta-—
tions 9, 10, 20, and 35 increased greatly at station 10, but only slightly at
the other three stations (Figure 68). The number of very discrepant species
was low at stations 9, 10, and 20, but fairly high at station 35.

At severely oiled station 31 density and faunal composition fluctuated
rapldly and widely. These surges in species and numbers usually lasted from
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Fipure 69, Discrepancies between mean densitiea of species

of first and second, second and third, and first
" and third years at station 31.
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Figure 70. Species which together contributed

almost 907% to discrepancy in mean
densities of the flrst and second,
second and third, and first and
third years at station 31.
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Figure 71. Speuies which together contri-

buted about 90% to discrepancy
in mean densities of the first
and second, second and third,
and first and third years at
station 10,
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Figure 72, Discrepancies between mean densities of specles
of first and second, second and third, and first

and third years at station 10.
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¢hree to five months, although some were as brief as one month and others as '~
long as nine months. In August, 1970, there was a major faunal shift from
the dominants of the first year to &ome of those of the szcond. Although
temporally adjacent samples differed 1n faunal composition, that of August,
1970, more closely resembled the succeeding sawples.

TABLE 9. -MEAN DISPARLTY WITH AND WITHOUT THE AUGUST, 1970,SAMPLE; THE . -
DIRECTION AND EXTENT OF CHANGE IN CATEGORY OF DISPARITY UPON
OMISSION OF AUGUST, 1970 SAMPLE.

~ station No. species Mean rank ¥ Species Total % Change Net mean
of requisite all samples changing change to greater rank without

density rank in rank disparity Aug. 1970 !
: . sample X

31 14 3.26 50 1.14 - 100 4.40

JEE 9 20 3.25 . 45 1,00 95 415

. 10 23 2,74 74 1.83 . 8 3.87 !

, 20 30 1.70 17 0.20 . 85 1.84
35 32 1.78 19 0.19 68 1.85 \
%
y; fnough samples taken in the third year at stations 31 and 10 were :

analyzed to warrant discussion. At station 31, discrepancies were quite
high and indicative of considarable faunal variation during the three years
(Figares 69). Like the uncommon species, the dominants came to a brief
climax in only one of the three years, and the suite of dominants changed
from one year to the next. At both stations 31 and 10, the number of very
discrepant species did not change very much with the passage of tiwe (Figures
70, 71). After taree years the fauna at station 31 had only slightly re-
covered. Mean densitics at intermediately oiled station 10 (¥igure 72} for
the three years were fairly similar to one another, snd the values of the
index were generally much lower there than at station 31, Almost all the
specimens of Mediomasiw: ambiseta found in later months arrived as juvenlles
during the very heavy settlewent in August, 1970. The abundance of this
polychaete was almost the sole cause of the low discrepancy between the first
two years., The discrepancy was less, although in some cases only slightly
80, between the second and third vears at all densities greater than 500.

The faunas of the first and third years were the least similar. The fact
that the fauna of the second year resemblad that of the third year indicates
that the fauna was recovering., This digerepaicy between the second and third
years at station 10 is markedly greater at all cumulative densities save the
very smallest than the discrepancy hetween the firat and second years at
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minimally oiled stations 20 and 35. The fauna at gtation 10, therefore, =
showed only slight recovery three years after the spill,

Diversity

We describe diversity in terms of the Hurlbert rarefaction curves, and
note differences between the results of this index and those ylelded by the

Shannoaniener infovmation function. e e e e

On September 19, 196%, the fauna at station 31 was about as diverse
(Figures 73, 74) as that at station 35 in the first year after the spill.
Within a week, diversity fell to a very low level, and continued to decline
through the winter of 1969-70, when Capitella and five other specles were abun~
dant. Evenness (Figure 75) was artificially high in September and October,
1969, when density was too low to allow expression of possible dominance.
During the autumn and winter of 1969-70, evermess fell to its lowest value.
After March, 1970, diversity slowly rose, although it was still very low.
During the first year diversitywas falrly variable, especially in the early
months. Evenness fluctuated and slowly increased during the latter half of
the first year. In August, 1970, diversity and evenness increased consider-
ably with the settlement of juveniles of many species. In the second year di-
versity and evenness were lowest in winter, when four specles of gastrcpods
were subdominant and density was low. During the second year, evenness and
diversity fluctuated widely and rapidly, and slowly increased. In the season
of recrultment of 1971, three species were subdominant; evemnmess was moderate
and diversity fairly high. Thereafter, density was so low that values of the
information function and evenness index bea>d on 1/25 m? samples were invalid.
After three and one-half years, evenness and diversity measured by rarefaction
failed to rise to the lavel found three days after the spill. Diversity
measured by the less gensitive information function would suggest a degree of
recovery greater than that indirated vy rarefaction curves.

During the first year the abundance of Capitella at station 31 depressed
diversity and evenness. The fauna without this polychaete¢ was apparently di-
verse (Figure 76), but density was very low. Only in June, July, and August,
1970, was the fauna without Capitella dense enough to ensure statistical
validity. For the first year as a whole, evenness decreased and diversity,
after the initial drop, slowly increased. Both fluctuated widely. Evenness
and diversity of the fauna without Capitella rose in August, 1970, Capitella
goon crashed; the curves of the rest of the fauna are thereafter essentially
those of the whole fauna.

. Values of evenness and diversity for the first nine months at station 9
were deceptively high, regardless of index (Figures 77-79), because density
was very low. According to the infermation function, diversity decreased in
the winter of 1969-70. The low value of the information function fer April,
1970, partly reflects the increased dominance of Mediomastus. In June, 1970,
diversity and evemness fell rapidly, but net to the very low values prevalent
ar station 31. Owing to the dominance of Mediomastus diversity according to
the information function was least in the following month. Diversity was
very varlable in the first year. iversity remained low for about nine monthe,
then rose fairly rapidly in the spriang and summer of 1971, and reached
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“moderate values in the winter of 1971~72., WNeither

TG CUIGE SHERT

diversity nor evenness rose
to values prevalent shortly after the spill. Diversity was quite variable ir:

. the second year. . i

Without Mediomastus, densities at station 9 were extremely low in the

-first year, and diveraity and evennesg were artificially high (Figure 20).
.In August, 1970, the rest of the species were falrly evenly represented.

During the second year diversity and evenness of the fauna without Mediomastus
quickly recovered from the depression of August, 1970, and thereafter were ;
fairly high and rapidly fluctuating. Diversity and evenness fell in the late.
summer and autumn of 1971, rather than in the winter. :

At station 10, density was very low in the first ten months; both even-

ness and diversity were artificially high (Figures 81-83). In July, 1970,

diversity and evenness decreased abruptly and remained low until August, 1971.
Diversity according to rarefaction fluctuated more here in the first year than
at station 9, although the information function suggests lesser fiuctuations
at station 10. Diversity and evenness perhaps began to recover slightly
soorer that at station 9. TFluctuations of diversity and evenness in the
secrmd year we' & of greater magnitude here than at station 9, T

Without Mediomastus the drop in diversity {Figure 84) and evenness at
station 10 in the autumn and winter of 1969-70 was somewhat more evident. Tor
the aext fourteen monchs diversity of the fauna without this polychaete slowly
rose with some fluctuation to fairly high values in June, 1971. Evenness and.
diversity decreased in August, 1971, but soon rose to fairly high levels.
During these fourteen months, fiuctiations of diversity and evenness wexe
rapid, but less broad than those of the whole fauna., After two and one-half
years, values of diversity and evenness had risen above initial levels, but
were still fluctuating.

At station 35 diversity was at first fairly high and evenness moderate
(Figures 85-87). Both fluctuated slightly in the earlier months of the first
year, but little thereafter. In early and mid-summer of 1970, both diversitcy
and evenness decreased, but soon recovered. According to rarefaction this
recovery was complete in little more than a month; the information function
suggests that this recovery took six months. In August, 1971, diversity in-
creased. '

‘ Without Mediomas*us diversity at station 35 wvas higher, especlally in
the second year (Figure 88). The autumnal-hibernal decrease in diversity was
very slight in the first year, and not clearly evident in the second. Diver-
gity was high in August, 1971. Variations in diversity and evenness were
moderate to slight, and seemingly diminished in amplitnde with the passage of

time,

At station 20 diversity was about as high as that at station 35, but
much less variable (Figures 89, %0). In the first year there was only a
slight hibernal-vernal decline in divergity. The decline in August, 1970,
‘wag modest. Within a month, according to rarefaction, diversity not only had
‘recovered, but had {ncreased above former levels. According to the informa-

-~ tion function, recovery of diversity took about three months. Evemness ...

98

100 OF

AT
ALE

st
WPRIIEA

r——




7

' =*(fiéufé'91):'whiéﬁ‘aléﬁidééfeaééd'in”Auguét,‘1970;“fé66veréd'iﬁ'ébBﬁE'éix'"_

T S e ST AN Y Y S AT P TR

e a e A BT AT
PR A ST RN S L ey
il

R, PR E A

months.

‘ " According to the rarefactlon curves (Figure 92), diversity of the fauna -
without Mediomastus :as somewhat more variable than that of the whole fauna at
atation 20. Diversity and evenness were lowest in the late winter and early

:”'ﬁpring of 1970, and raosa during the following summer amd auktumn, a year after

the spill, to levels higher than those prevalent in the first month. -— -

Relative Contributions of Species Richness and Evenness to Diversigz

: At station 31, zvenness contributed mors to the low diversity of the
whole fauna than éid species richness (Figure 93}, although both were low.
Without Capitella, both low evenness and slight species richnew; depressed
diversity (Figure 94).

: At statﬁons 9 and 10 evenness generally vaised the diversicy of the
whole faura in the first eleven months (Figures 95, 96). In the month of the-
spill, species richness was low enough to depress diversity at station 9; at
station 10, evenness was only slightly more important than specles richness. .
After July, 1970, species richness was usually somewhat greater than evenness:
at station 9. The dominance of Mediomastuse during the summer of 1970 con-
cealed the increase in evenness and specles richness of the rest of the faun
at both stations. In August, i970, the recent spatfall of Macoma tenta great-
1y decreased evenness, and lowered diversity at both stations 9 and 10. In
that month, evenness was slightly greater than species richmese at station 9,
but slightly less at station 10. At station 10, settlement of myriads of many
specles already present in low denglties lowered both evenness and species
richness in that same month, and therefore lowered diversity. In the second
year at station 10, the influence of species richness on diversity was some-
what greater than that of evenness. At this station in the third year specles
richness was usually more important than evenness.

Bacause ewouness increased more than specles richness decreased at sta-
tion 9 in the secoud year, evenness ralsed the diversity of the fauna wilitaout
Mediomastus (Figure 97). In August, 1971, a sharp decrease in evenness drove
down diversity at station 9, and lower species richness depressed diversity in
December, 1971, Increase in diversity without Mediomgstus after the first
eleven months at station 10 reflected the Increase in species richness
(Figure 98). Invasion of less—degraded #2 fuel oil into the substratum of
station 10 in August, 1971, lovered evenness more than 1t raised species
richness, and so lowered diversity of the fauna without Medicomastus. Spe-
cies richness was as low in that month as in the first year. In the late
winter of 1971-72, increased evenness ralsed diversity at station 9, whereas
greater specles richness elevated diversity at station 10.

At station 20, evenness generally predominated betote July, 1870, and
species richness afterward (Figures 99, 100). In August, 1970, specize rich-
neas was low and evenness lower at both stations 20 and 35. At station 35,
high richness (Figures 101, 102) wusually prevailed ovevr evenness, especiaily

. at flrst and after July, 1970 The preponderance of species richness was great-
‘est in September, 1970. Station 35 was unusual in that high species richness,
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rather than evenmééé:”gehekaili'éohffibuﬁéd'mbfe'Ed“diversify‘iﬁ'tﬁé tivat ™ Ot
year, Without Mediomastue, evenness and specles richness at station 35 were
- wery high and almost equally influentisl in Auguet, 1970. In the second year:

" increased specles richnees raismed diversity. . % ;
This analysis sugzests that apecies richness is more important than
" evenness, the other component of diversity, in faunal recovery after pollution,
“and im a less varisble, more conservetive, end more yelisble index of ra--m»»E
covery. : E :

i
5

Cluster Analvsis

Samples of the whole fauna at farthest offshore, lightly oiled station !
35 were fairly similar among themselves, and unlike semples from other sta-
tions. The amphipod fauna here remained normal. Semples cluster by month
and seagon (Figure 103, cluster C; Pigure 104, cluster D). Semples tsken in
the winter sfter the spatfall of Auguat, 1970, however, cluster with those
taken in the months just before the bloom of Hediomastus, vather than with
other winter samples. Without Mediomastus, these winter samples cluster with
other winter semples (Figure 105, clueter C; Figura 105, cluster D). Sawples {
token during the bloom of MNediomazstus, in August and Saptember, 1970, aggre— . i
gate with sawples from station 10 (Figure 103, clustexr By Fipure 104,
clusters B, C). Without Mediomasius, these saumples cluater with those of the
same or sdjscent sonths of other years at station 35. In these summer wmonths
recruitment to the whole fauna is maximal. The fmuna &t this lightly oiled
station underwent pormsl, modest seasoval changes, and, except for the brief
bloom of Mediomastus, varied only siightly from year to year.

Offchore stations 5 and 20 were lightly oiled; effects were not patent -
until 2 month after the apill., The fsunas of these two stations were essen-
tizlly identical. When ccmpared with those of stations 10 and 35, samples of !
the fauna with and without Mediomasifus from station 20 cluster tightly to- i
gether (Figure 103, cluster D; Figure 105, cluster D). The samples do not
cluster in any obvious seasonal or successionsl patterr, except for those of
the wonths of faunal recruitment, which tend to cluster. Without Mediomastus, .
groups of samples from the autumn and winter of successive years differ from ‘
each other. When samples from stations 20, 5, 9, and 30 are compared, those
of stations 5 and 20 behave as veplicates (Figure 107, cluster C; Figure 108,
cluster C). The clustering of the whole fauna is not obviously by time or
station; without Mediomastus, however, clusters tend to be tighter and season~ D
al. ‘ - : P

Without Mediomastus, the two samples from station 5 with anomilous sedi-
ments sggregate with samples from station 9, to which they are similar in
fauna and granulometry (Figure 107, clusters A, B; Figure 108, cluster A).

The whole fauna at station 20 in August, 1970, was similar to summer samples
of the scoe year from stations 9 and 30, Without Mediomeatus, thias August
gample was similar to the others from station 20, mlthouzh seasonal recruit-
ment rendered this sample the least similar of the cluster (Figure 107, clus~
ter B; TFigure 108, cluster C). At stations 5 aid 20 the fauna was fairly
. mtsble in the firat ten months, before Mediomastus became common. The July, Co P
1970, samples were quite distinct, and marked the transition from the cluster o o
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“hioigf vhe inftial period to the cluater of the following autumn and winter,
1 .
.¥§ When compared with those of stationa 20 and 35, semples from intermedi-
( fately oiled atation 10 form two annual clusters (Figure 103, clusters A, B).
. +;.  Without Mediomaatus, samples from this station cluster slightly closer (Figure
¢ .- 105, cluster A, B). Replicate samples cluster topather, with and without
HMediomasius. The whole fauna of the third year, when diversity was high, was
'somewhat similar to that of the first. year; without Mediamaptus, the samples
‘of the third year cluster with those of the second. The gample taken in
Auguat, 1971, when less-degraded #2 fuel oil reinvaded this station and dis-
‘rupted the fauns, clusters with those of the firat seven post-spill months.
‘Samples of the whole fauns of the second year were all doninated by
‘Mediomastus.

; When compared with those of stations 5, 20, and 30, sarples from iater-
mediately ciled station ¢ aggregate rather loosely and temporally in annual
elusters (Pigure 107, clusters A, B; Figure 108, clusters A, B)., The fauna
was scanty in the first ten months after the spill. The abundance of varicus
‘species, including Mediomastus anbisets, caused the samples from the suimer
of 1970 to cluster, not with other samples from this station, but with suzrer
.semples from other stations. Wirhout Mediomastus, the temporal sequence isa
cleazer.

Despite some differences in sedimente, faunsl samples from stations 9
&nd 10 cluster topether as replicates and in temporal array (Figure 104,
‘clusters A-D; Figure 108, clusters G-I). Samples richest in Hediomastus
cluster, regardiess of year. Throughout the three years after the spill,
faunal changes at these two stations were large, rapid, synchronous, and
‘successional. When station 10 was re-oiled in August, 1971, the fauns rever-
ted to the condition prevalent in the first seven monthas following the spiil.

; Concentrations of oil at station 30 were intermediate, simllar to those
at stetisns 9 and 10. The general character of the fauna at statlom 30 vas
‘strongly influenced by grain size; most eamples from this nearshore station
cluster loosely with those of stations 5 and 20 (Figure 107, cluster Gj
Figure 108, cluster C). Without Mediomastus, they cluster wore closely with
these granuiometrically similar stations. The fauna was scanty for ten
months after the spill, and underwent large, rapid successional changes. The
‘pample of September, 1970, clusters with samples from theseason of recrult~
ment at stations 5 and 20, and with a sample from station 10 taken after the
‘vreinvasion of fuel oil (Figure 109, cluster I).
f The difference in water depth and granulometry between subtidal station
‘31 and intertidal stations II and IV ordinarily would be attended by dif-
ferences in fauna. The features characteristic of these three stations were
the high concetrations of #2 fuel oll, and the opportunistic fauna dominated
by Capitella s_p., Polydora ligni,and Microphthalmus aberrans duringthe first
year (Grassle & ‘Grassla, 1971, 1976, 1977). Samples from these three gtations
are scattered among several clusters. Almost all samples taken in the first
RS SREA ‘eleven monthe, when the fauna was very sparse, cluster by date, although the
i 1. gamples of June and July, 1970, cluster by station (Figure 109, cluster A).
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" “Many samples of the second ye
~ tion (Figure 109, clusters B, E}. Replicate samrles taken at gtation IV re- |
.o, semble each other (Figure 109, cluster E). Samnles of the season of recruit-.
oot pent, some of those of the second year; and those of the third year resemble
o one another (Figure 108, cluster B). Within this cluster the samples aggre—
.. pate by station. The sample taken at etation II on September 19, 1969, before
- the populations of Gemma gemma had been killed, is not like the other samples
taken at any of these threa stations, byt is pomevhat similar to samples from'
unpolluted Sippewissett Marsh (Figure 109, clusters C, D).  After the heavy
gsettlement of juveniles in the summer of 1970, the fauna underwent successional
changes, and by the end of the second year and beginning of the third year g
after the spill it had not yet attained the level of stability prevalent at
lightly oliled station 35, The fauna at these severely olled stations had not:
recovered. : : ;

. Samples from the unoiled control station in Sippewiszett Marsh cluster
tightly tegether, and show little resemblance to saiples from Wild Barbor
River (Figure 108, cluster D). Replicate sawples cluster together, and, as
usual, samples taken in the summer are not closely similar to those taken inm - i
other seapons. Faunal changes wera “adest and gpesgonal.
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: . DISCUSSION
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011 Pollution 1

Analyses of hydrocarbons in the sedimants showed that #2 fuel oil spilled
by the FLORIDA invaded Wild Harbor River and nearby offshore areas, and ‘
established a gradient in severity of pollution from most severe in the river.
to least severe at the most distant offshore stations. Severity of pollution:
was manifest in the original concentrations of oil and in the rates of - ;
degradation of the various components of the oll. Almost every sample con—
tained hydrocarbons ijdentified by the ratio of adjacent homologues as the :
#2 fuel oil spilled by the VLORIDA. Concentrations of hydrocarbons were high-
‘for at least five years in the peat and mud of the intertidal and subtidal '
‘zopes of Wild Harbor River, less at nearshore stations, and least and ephem—
eral at the more distant offshore stations. After the spill, oil spread sea—
ward in pulses from the heavily oiled inshore areas; one of these waves
reached station 10 in Auguet, 1971.

Biodegradation and dissolution were the chief modes of degradation of the
‘0il. Bacterial action was delayed for several month3 at the most heavily i
oiled station. Biodegradation began sooner at {intermediately oiled statioms.
The fact that readily degraded n-alkanes perslsted at all atations for at :
least two years suggests that bacterlal seeding may not be effective in re-
ducing oil resldues in polluted sediments. Constituents of low boiling point.
attenuated slowly at the heavily olled sites and were still detectable after -
.two years at intermediately and lightly oiled stations.

Mortality

Mass mortality of many kinds of animals supervened within hours after
‘the spill. The extent and rate of mortality was highest at the most severely
oiled stations, and least at the 1ightly oiled stations.

|

Amphipod crustaceans of the family Ampellscidae are very common menbers
of the shallow water infauna of New Fngland (Mills, 1963, 1964, 1965, 1Y67a, |
b; Sanders, 1956, 1958). Ampeiisea vadorum, A. abdita, A, verrilli, and
Byblis serrata were found alive in the sandy substratum of Buzzards Bay.
Recrults ordinarily swim into an area from elsewhere and, in favorable condi-
tions, build tubes in the sediment and persist. In the presence of pollutant
fuel oil, however, these amphipods die. After the ESS0 ESSER spill of crude
0il in South Africa in 1968, amphipods in the intertidal and subtidal zones
suffered severe mortality, whereas other members of the megafauna survived

- (Stander and Venter, 1968). 0il spilled by the AMOCO CADIZ off Brittany ,m“;:;
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;}quanders, 1973).. Such is the Nephtys-Nucula community in the muds of

-in 1978 penetrated the bot tom sediments and killed {mmense numbers of the
i trophically important ampeliscid amphipods (Cabiloch, Dauvin, and Gentil,

TYRIRG GUTDE SRHEET

. 1 1978). In West Falmouth, amphipod mortality was greatest and of longest
'; duration at the most heavily oiled stations, and successively less severe and
| of shorter duration at less heavily oiled stations. :

,t;““" The Falmouth shellfish warden reported the mortality in 1970 of 769 “"@
“bushels of soft-ghelled clams; 1135 bushels of native -seed clams,-and- all--—.
; geed and parent stocks of clams transplanted in that year in Wild HRarbor :

River (Souza, 1970). He set the value of these animals at $27,573. A few
of the shellfishing areas closed after the FLORIDA spill were opened in 1973,

?_but the catch was below former levels (Souza, 1973).

Analysis df variance and covariance of faunal densities at stations 9,

_: 10, 20, and 35 showed that in the ten months following the first season of
. recruitment after the spill the decline of the fauna without the extremely

abundant Medicmastus ambieeta was moderate at the intermediately oiled sta~ -

 tions 9 and 10, slight at lightly oiled station 20. At station 35, also

lightly ofled, faunal density {ncreagsed. Mortality of Mediomasius was very :

:high at station 10 in this same period, and less but still great. at.the -. ..
- other three stations. ‘

The high mortality in Wild Harbor River in all probability had advorse

effects on the habitability of the substratum. Infauna, especially deposit
. feeders, and prowling predators modify the substratum by plowing, burrowing,
. feeding, excreting, and binding grains together (Rhoads, 1963, 1%67). Their
 activities loosen the sediment, allowing penetration of oxygenated water to
. depths of six centimeters (Rhoads and Young, 1970). The mass mortality of
- the benthic bilota brought bioturbation and oxygenation to an end. For sever-

al weeks after the spill, the sediments at stations 31 and 30 were black and
anoxic. At station 31 hydrogen sulfide was obviously present. Decay of

. tiggue was arrested for lack of organisms which break down organic matter,

and dead animzls were numerous. Throughout the study, anaerobic conditions -
prevailed at station 31, while the sand at offshore station 35 was light in

. color, apparently well oxygenated.

: Paunal Stability

When the physical and blologlcal parameters vary slightly and predict-
ably from year to year, the fauna is diverse and relatively stable in numbers
and composition. Whenever some environmental parameter, or exotic influence,

 exceeds the normal range of varlation or rate of change, the fauna suffers

. dislocation or stress or severe mortality. As a result of this stress, the |

. fauna is less diverse and undergoes successional changes. In the first stage

© of successicn, opportunists dominate the fauna, and density is quite vari-
able. As succession progresses, density and faunal composition become more

stable, During succession there may be an ephemeral phase of high diversity

" when the environment 1s still undersaturated (the non-interactive phase of

. Simberloff and Wilson, 1969). This short-lived diversity is not the dive

- aity that develops on an evolutionary time scale. In a stable shallow water
- environment, a characteristic community becomes established (Grassle and

Sou3
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" south-central Buzzards Bay, which has changed little in almost two decades. ' =
Pearson and Rosenburg (1978) have reviewed the manifold changes of faunas in’
response to abruptly chamged levels of organic matter, including petroleum.

Fauual changes which resulted from the FLORIDA oil spill are considered
under three headings: first, changes in density, nuwber of apecies, diveir-
-aity, and evenness; second, changes in faunal compositlon; awd third, the-—
" seasonal or successicnal character of these compositional changeg.—-The -
analyses concur in showing that faunal changes were most severe in degree
. and chaxracter at the most heavily oiled stations, and least severs at the :
lightly oiled stations. |
. 1

At stations II, IV, and 31, density and numbers of species showed _
broad and rapid changes. Average density of the fauna without Capitella was
lowest and most variable at these atations throughout the three-year sampling
period. This variability decreazed with the passage of time. Opportunistic
Capitella incressed explosively to occupy the denuded substratum in vast
nuzbers, then within a few months crashed. Ly the end of the sanpling
period, densities znd numbers of sp2clez had not risem to the inirial levels.
The fauna at staiion 31 underwent sharp, frequemt fluctuations in diversity. -
for at least three years. The very low diversity at this station was due to
the small number of species and low evenness.

At intermediately oiled nearshore subtidal stations 9 and 10, nearly
synchronous fluctuations in density and aumber of spucles were rapid and
initially almost as broad as those at the more heavily oiled stations.
Fluctuations began to lessen in amplitude during the second year, but still -
had not stabilized by the end of two and one-half years. At these stations
Mediomastus ambiseta wmonopolized the bottom in the second year, and declined
in later years. Reinvasion of station 10 by fuel oil in August, 1671, pre-

" vented the surge of numbers that can occur on biologically unsaturated sub-
strata during the season of recruitment. Density of the fauna without Medio-
mastus at these stations was low and only slightly variable in the first
eleven wonths, more variable in the second year, and higher and less variable
thereafter. Af these two nearshore stations changes in diversity werc also
nearly synchronous. During the first ten months after the spill, density
was so low that diversity and evenness were deceptively high. In the second
year diversity and evemness were low. After early to mid-summer of 1971
diversity and evenness were high. Diversity and evenness of the fauna with-
out Mediomastus were low in the first year and less varizble than those of
the whole fauna. After the first year, species richness ralsed diversity at
gtations 9 and 10, but recovery of evenness and diversity was slow at these
two stations, slower at station 9.

At 1lightly oiled statioms 20 and 35 variability in demnsity and pumbers
of species was relatively slight, with and without Mediomastus. After a
brief surge of Mediomastus in August, 1970, density and numbers of species
increased, and soon stabilized. At station 35 diversity and evenness were
generally high and fafrly uniform. Values decreased in the summer of 1970,
when Mediomastus was dominant, but increased soon thereafrer, and became
stable. At station 20 diversity and evepness of the fauna with and without
Mediomastus were usually fairly hish and uniform. The whole fauna here was
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“glightly more diverse than that at station 35, but the fauna without Medio- .
_mastus at statiou 20 was usually less diverse, Diversity and evenness
' decreased during the season of recruitment of 1970, At station 20 Mediomas-
- tus declined soon after August, 1970, and diversity and evenness recovered.
. Specles richness raised diversity after the first year at stations 20 and
“35. -

7 At many stations, density, number of specier, diversity, and evenness -
declined slightiy in the winter or early spring. This decline was perhaps
due to the death of short-lived snimsls during the colder months. During

. the breeding season, the few remaining animals propagated, and contributed
to the rise in density and diversity during the spring and summer.

Michael, Van Raalte, and Brown (1975) extended analysis of the benthic
fauna st stations 1I, IV, Vv, 31, 9, 10, 20, and 35 into the fourth and fifth
years after the apill. Specles were fewer and more opportunistic at the
intertidal stations in Wild Harbor River than in Sippewissett Marsh. The

" fact that densities remained very low iam Wild Harbhor River indicates con—
giderable inhib’tion of secondary production there. At station 31 species
were usually few, turnover of fauual compogition <as rapid, aad wost in-
dividuals were juveniles which died before attaining maturity. Although the
average number of species {ncressed somewhat in 1974 at stations 9 and 10,
species at these two intermediately oiled stations were fewer and wore oppor—

" tunistic than those at uinimally oiled stations 20 and 35.

Indices of discrepancy and constancy show that changes in faunal com-

- position were greater at the heavilv oiled stations and least at the lightly
" oiled stations. The number of species of constancy greater than 0.45 was
least at statioms in Wild Harbor River, somewhat greater at the nearshore
subtidal stations, and greatest at the more distant subtidal stations.
Faunal turnover was greatest at statioms II, IV, and 31, least at stations
5, 26, and 35. The fzuna at gtecion 31 wes still unstable in composition
after three years. At stations 9 and 10 faunal composition was still um~
stable, but showed slight recovery after two years. At lightly olled sta-
tions 20 and 35 fgunal composition was fairly gtable and recovered rapldly.

Analysis by discrepancy index also suggests that species near the limit
of their ranges were most heavily affected and showed the poorest rTecovery.
Thirty-two species principally affected the values of the index at station
10. Sowe species had the highest mean density in the first year. Tubulanus
pellucidus, Nephtys ineisa, and Syllides verrilli varied little in deneity,
even in August, 1970. Rochefortia cuneata, Mulinia lateralis, Tagelus
divisus, Macoma tenta, and Cylichna oryzc, all mollusks, were abundant only
in August, 1970. Mulinia lateralis and Cylichna oryza occur northvard to
Maine, but the others extend only as far north as Cape Cod. Pectinaria
gouldii was common in both July and August of 1970. Cape Cod seems to be
the northern 1imit. of this species. Other species were densest in the
second year. Mediomastus ambiseta, Acteocina canaliculata, and Chaetoszone
sp. were abundant in August, 1970, as well as in the second year. Glycinde
solitaria, Podarke obscura, Glycera americana, Mitrella lunata, and Odogto-
. mia winkleyi were densest in the autumn of 1970, although a few animals of
these species had settled as early as August, 1370. All five of these
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-~ gpecies have their northern limits in southern Maszachusetts. Cdostomia
swnneri, known to occur only in the Woods Hole area, was mest abundant ‘a
the auturn and early winter of 1970-71. Capitella spp. were densest in
Auguat, 1971, when less-degvaded #2 fuel oil re-invaded station 10, Sphaero-
ayllie hystrix was nearly equally dense in the gecond and third years, and
wuch more abundant thaw In the first year. Yet other specles were densest
in the third year, Minuspio cirrifera, Protodorvillea gaspeensis, Phascolion
etrombi, Ampelisca abdita, snd temertine §i all incressed gradually in densitcy
in the three ywars. HMost of these species also occur as far north as the
Culf of Maine or the Canadian Avrctic Archipelago. FEunida sanguinea and
Sphaercsyllie erinacews were uncoimon in the first year, abundant in the
. second year and slightly wore sbundant in the third year. These species ex-
tend from Iceland to the Caribbesn Sea, and from the Arctic Ocean to Virgisia.
Corophium tuberculatum, Yoldia limatula, and Asychis elongata were much more
abundant in the third vear than fn the earlier two yeaxra. The firet two
species extend to the uorth of Cape Cod, but the other species does not.
Many apecies in the North Atlentic, especislly those of the Virginian Harine
Province, require high summer temperatures for survival of laervae, but can
withatand the comsmonly very low winter temperatures in the intevtidal and
shallow subtida) zomes. In general, it appears that those species whose
northern 1imit is southern FHew Englend were leaat stable, but thoae which ex-
tend fsrther northward showed better rvecovery. Boesch, Wass, and Virnstein
{(1976) noted that species which were not opportunistic and were uear the
limics of thelr ranges declined in sbundance after the fauna was disturbed
by a tropical storm.

Cluster analysis of the fauna with and without the dominant: polychaete
and graphic analysis of subdominants showed that changes in faunal composi~
tion were guccesgional at the heavily oiled stations. At intersediacely
oiled stations faunal changes were predominantly successional,but at lightly
oiled stations these changes were seassonal. Changes in feunal composition
were independent of the character of the substratum.

The inftial eamples from statioms II, IV and 31 clustered together in
temporal sequence despite differences in sedimente; samples taked after the
first year showed a slight tendency to cluster by statioa. One suite of sub-
dominants replaced gnother every six to ten months; uone of the suites re-
curved once it disappeared. Although many subdominants were cosmon to these
three stations, their proportions varied from station to statlon. MWost spe~
cies tended to be subdominant in the same sequence at these stations, but
Streblospio benedicti and Nereis succinea, which occurred together at sta-
tions II and IV in late 1970 and esrly 1971, tended to occur separately at
station 31 until early 1973.

Samples from intermediately oiled stations 30, 9, and 10 clustered by
temporal sequence for many montha after the spill. Samples taken more than
one and one-half years tended to cluster by season. The sequence of subdom—
inants at statfon 9 was similar to that at station 10. Only Sphaerosyllis
hyatrix seasonally recurred. Few epecies at stations 9 and 10 were in com-
mon with stations 31, II, or IV, or with stations 5, 20, or 35.
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. Samples from lightly oiled stations 5, 20, and 35, and from the control
gtation in Sippewissett Marsh clustered by station and season. Only those
samples frowm station 5 with anomalously fine sediments clustered with samples
" from stations more heavily ciled. Stations 5, 20, ond 35 ahared most members
of a small sulte of subdominants, which recurred gseagonally. Particularly
evident was the alternation of Sphaerosyllis hystrix with Zrpgone verugerd,
and of Ampelisca abdita with 4. vadomen. 1In unoiled Sippewissett Marsh, the
suite of abundant varied little from one sample to another. oo

Comparison of results cbtained by Sumner, Ogburn; and Cole (1913),
Hough (1940), and Moore (1963) shows that the boundaries between coarser
sands, finer sands, and mud remained stable for about fifty years. Analyses
of sediments collected in this study showed only slight temporal trends in
wedian grain size ard sorting. The effects of sedimentary texture on faural
composition is suggested by the abundance of Odostomia winkleyi end Chaeto-
zome sp. in the fine sedbsents of atation 9 and in the similarly fine saiis
at staticn 5 in Februery, 1971. At station IV the increase in the amount of
mud may have reaulted from an early rewoval of fines by waves impinging on
the bottom, or from the later influx of fine sediment from the marsh. The
general trend toward fiser grain size may also reflect the recolonization of
the bottom, after about sixtecn wonths, by organisms capable of binding mud.
A cluster analysia performed on soma of the granulowetric data showed that
samples clustered first. by wedian grain size, then by sortinmg or skewness;
and that there were not any clearly defined tenporal trends in these charac-
ters. The successional and seascnal changes in the fauna were not, therefore,
related to the gronulometry of the sediments.

Physiologlcal snd Bebavioral Disturbances

The fact that diversity and demsity may have increared and stebilized
does not mean that damsge was st an end. Further studies of the fauna in
the area affected by the FLORIDA splll have shown that oil polilution forces
animals to turn frow the most economical biochemical pathways to others
physiologically wore costly, and that fuel oil distorts behavioral responses
to inadaptive or even lethal todes.

Krebs and Burns {(1977) measured the effect of the FLORIDA spill on popu-
jations of the fiddler crab, Ueca pugnax, in Wild Harbor Mavsh over a span of
seven years: Thay found that 1ightly weathered #2 fuel oil with mwore than
202 arowmatics and in concentrations greater than 1000 ppm at the sediment-
water interface, killed adult crabs. Residues of the same oil in concentra-
vions of 100 to 200 ppm killed overwintering juveniles, and were cumulative-
ly sublethal st lower concentrations. With increasing concentrations of oil
residues the craba suffered impaired activicy, loss of equilibrium,and death.
The higher the concentration, the ghorter the life of the crab., Concentra-
tiona which were sublethal for the moment, immobilized and killed if persis-
tent. According to survival rates for the first two year-classes after the
spill, densities of Uca were lower at all statieons at which sediments con-
tained more thaw 200 ppm of petroleum hydrocarbona. The higher the concen-
tration of oil,the lower the denglty of crabs. Density remained low in Wild
Harbor Harsh for at least seven years before recovery began. Immediately
. after the spill, many surviving adult crabs molted and showed breading
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= coloratlon out of season. Because of their loss of equilibrium and impaired. "
_escape respounse, the crsba were very vulnerablie. Tllis locomotory impsirment,
vhich wae manifest at least four years after the spill, was most evident at
temperatures near the jower limit of the erab's range of activity, 13°C, in

May and September, when coming out of or golng into winter dormancy. Crgbs

in moderately and heavily olled sediments dug burrows too shallow to protect
them from freezing in winter. The death of juveniles, and the locemotory --

and behavioral impairument and ensuing death of edulte indicste that oil . . -~
caused the reduction of fiddler crab populationsz in Wild Harbor Marsh for at:
least seven years after the spill. :

Chronically exposed Fundulus heteroclitus, a small estuarine fish, from
Wild Barbor Marsh contained in its tissues as much as 75 ppm petroleum hydro«
carbons from the 1969 FLORIDA oil (Burms, 1976). The figh from the control .
area in unpolluted Sippewissett Harsh did not have vesidues of #2 fuel oll
in their tigsuves.

Bicchemical differences between Funduluse populations from the two marshes

were obvious. Tissues of the fish from contaminated ild Harbor showed a
lower net rate of hepatic lipogenesis thanm did those fish in uncontaminated.
_ Sippewissett Marsh. Incorporation of acetate-1-1%C in the gill, muscle, and

brain tissues wae 40-50% lower in the Wild Harbor Fundulus than in fish f{rom
Sippewissett Marsh. . The pronounced decrease in the rate of hepatic phospho-
1ipid synthesis suggests that the o0il affected the cell membranes on the
. eytoplasmic or intracellular surface, for phospholipids and chelesterol are
the major constituents of most membranes {Sabo and Stegeman, 1977). The
rate of synthesis of triglyceride was also much lower. Serum of oil-
conceminated Wild Harbor Fundulus contained less nitrogen as urea, glucose,
triglycerides, and cholesterol than did serum of the Sippewissett contvols.
 0i1l-induced physiological stress draws heavily on several stores of energy
(3abo, Helneke, and Stegemai, 1977).

Studies on polluted asnimals from other areas show that physiological
stress is also manifested in higher emergy demand. Mya arenaria and two
species of mussels living in sediments contaminated with petroleum hydro-
carbons showed changed carbon flux (Gilfillanm, 1975; Gilfillan, et al.,1976).
The higher the concentrations of petroleum hydrocarbons, particularly of
aromaticas, the higher the metabolic demsnd, the lower the rate of assimila~
tion, the slower the growth, and the lower the fertility. It is clear that
increasing environmental stress go elevates metabolism and reduces assimila-
tion as to leave too little emergy for growth and reproduction. As a result,
most specles disappear from such an enviromment, leaving only those few
tolerant species typical of chronically polluted habitats.
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" Addenda et Carrzgandu to Appendix A

: POLYCHAETES

i
-

Lumbr%nerazs ghould read Lumbrirn, is
Stauronereia caeca should resd Dorvillea cacca
Stauronereis rudolphi should vead Schictomsringos rudolphi

" Station II

Station IV

*

Station S

Station 7

Station 9

Station 10

DN
T

Prionogpio should read Minuspio :
© Maldanopeis should vead Asychis -
Copitella capitata should veasd Capitella epp.

'111*31—70 ‘gum of species ‘should read 7
1-11-70  should read I-11-71 '
"1-11-71 sun of species should read 7

.KII-7-69 sum of species should read 4
VIil-6-70 sum of epecies should read 7

first X-2- , o
- 70 sum of species should read 8
second _ o .
- X-2-70 sum of species should read 7

111-1-71  sum of specfes should read 8

"XIT-17-71 1 iundividual, Heteromaatfue fbltfbrmts
aum of individuals should vesd 231; sun
of spacies should read 12

V-26-72 7 individuals, Streblospio benedicti; sum

: of individuals should read 305; sum of
gpecles should read 9

VYI1I-14-70 55 individuals, Protodorvallea gaspppnsts,
aum of individuals should read 12,5007 sum
of species should rexd 41

‘meccnd X1I- : o
17-69 sum of apecies slould read 19

V-8-70 aum of species should vead §
IX~-29-70 - 63 individuals of Chaetczone sp.; sum of

indviduals should read 5876; sum of species
should vead 27
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o Seation 31

Station 35

Station 90

- BIVALVES

Station 9

" Station 10

Sgation 20 .

Station 35

GASTROPODS

X11-22-70
111-2-71

X1[-18-69

1V~5-70

Vi-10-71

11-19-71
IV-6-70
T1-19-71

VILI~1i-
70

Pherusa affinie

Sun of species ghould read 13
Sum of species should read 13

1 individual, Flabelligera affinis, NOT

Fherusa affinis
5 {ndividuals, Flabelligera affinis, NOT

Sum of specles should read 25

i
¢
i
i
1

2 individuals, Tagelus divisus, NOT -
Solemya velwn : LT

1 individual, Ceragtoderma piﬁﬁulaiﬁm; Bum
of individuals should read 5

1 sndividual, Pandova gouldiana; sum of

tndividuals should resd 19

$um of individuals should read 102; sum of
species should read 11 '

Retusa should read Acteoeing

Station 5 ~ VII-22-71 Should read IL-22-7%

AMPHIPODSG

Station 5

Station 9

Statien 10

Station 28

IX-27-69

VIL{I-14~
70

¥11-29-71

X11-8-69
IX-29-71
I11-23-72

1X~19-69

R LR DN R0 SRR I PO PRSI E S SR SR

2 {ndividuals, Stenothoe minuta; sum of
i{ndividuals should read 23

4 individuals, Paracaprella tenuis; sum
of individuals should read 39; sum of
species should read 10 '
Sum - of species should read 3

Should read XII-16-69

Sum of specles should read 1

Sum of species should read 2

" Sum of specles should read 19
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Seation 10 First NIT-27-71 Total number wisc. animales should read 939}
Sy . Station 28  I¥~19-69 Total nuwmber misc. aﬁimala should vead 893i

s AR S 1-6-70 Total number misc. animaly should read 69

g

iy A" e i+ L -

1
s

<

o o

& B

TR

-

.

217

e TS SRR T T




	20190125112211145
	20190125112538710
	20190125112818832

