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ABSTRACT

In fall 2010, several months after the Deepwatenizém blowout was capped, zones of moderate anefsempacts to deep-sea,



soft-bottom benthos were identified that togetheerded over an area of 172 %m subset of stations sampled in 2010 was
resampled in May and June 2011, 10 to 11 montks e event, to determine whether the identifdwksase effects were persisting.
The design compared 20 stations from the combinzdenate and severe impact zone to 12 stationgireference zone that were
sampled in both years. There were no statistisadjgificant differences in contaminant concentradibetween the impact and
nonimpact zones from 2010 to 2011, which indicaegaminants persisted after 1 y. Whereas there g@ne signs of recovery in
2011 (particularly for the meiofauna abundancedindrsity), there was evidence of persistent, ftiatilly significant impacts to
both macrofauna and meiofauna community structeerofaunal taxa richness and diversity in 201 1enstill 22.8% and 35.9%
less, respectively, in the entire impact zone thahe surrounding nonimpact area, and meiofauohhess was 28.5% less in the
entire impact zone than in the surrounding area. @édrsistence of significant biodiversity lossed ammmunity structure change

nearly 1y after the wellhead was capped indicduassfull recovery had yet to have occurred in 2011

Keywords: Deepwater Horizon oil spill, Deep-sea infaunalthes, Benthic macrofauna and meiofauna, SedimeaalitguOil-spill

impacts, Gulf of Mexico
INTRODUCTION

The Deepwater Horizon (DWH) blowout at the Macomddl drilling site occurred in the northern Gulf exico on 20 April 2010.
The spill, which occurred at a water depth of 1625n Mississippi Canyon Block 252, released appnakely 3.19 million barrels
(507 million L) of oil over a 3-month period (DWHatural Resource Trustees 2016). Ryerson et al2j2tdve estimated that a
majority of the oil was removed by cleanup operagjmther natural mechanisms, or was present atiti@ce in oil slicks, but up to
35% of the hydrocarbons were trapped and trangportpersistent deep-sea plumes. The large voldrog wapped in the deep-sea

plumes indicates that large amounts of oil werelyikransported to offshore, deep-water sediméintsnow known that this



transport could occur via several potential pattsyéy example, sinking of dispersed oil droplétst were absorbed onto suspended
particles, incorporation of oil droplets into copefecal pellets, transport of oil-laden particlsking of heavier residues that
resulted from burning oil during the oil spill r&sse activities, or settling of oil-mud complexes the injection of drilling mud
during the failed top-kill operations (UAC 2010). &addition, drill cuttings, drill fluids, and otheontainment fluids, commonly used
during offshore oil-drilling operations (Neff et 41987, Neff 2005) were likely released from thél\wwout and deposited to the

bottom after the blowout.

In September and October 2010, after the Macondibeasl was capped in July, 2 DWH response crueesardRV Gyre andRV
Ocean Veritas) were deployed to sample sediments for the purpbdetermining whether substantial amounts ofwaite on the
deep-sea floor. Initial results from analysis ofdgep-water (>200 m) stations sampled in 2010 detrated significant impacts to
the macrofauna and meiofauna benthos based ornial spi@rpolation of a principal components anay®CA) of combined benthic
and abiotic variables (Montagna, Baguley, Cookbiytwell et al. 2013). The PCA produces a firshpipal component (PC1) that
accounts for the largest possible variance in #ia dttributable to oil-spill impacts. The new P@tiable was mapped in a
geographic information system (GIS) to identify tbhetprint of DWH-related benthic impacts. The mestere reductions in macro-
and meiofaunal abundance and diversity occurrelima km of the wellhead and covered an area ajipately 24 kri. Moderate
impacts were observed in an area of 148 #trat had elliptical shape, which extended up t&rtoward the southwest and 8.5 km
toward the northeast of the wellhead. Thus, thed toea that was adversely impacted covered 172Adverse benthic effects were
strongly correlated with concentrations of totakrpleum hydrocarbons (TPHs), PAHs, and Ba, as agetlistance to the wellhead,
but there were no correlations with distance tarbgdrbon seeps. Thus, the observed correlatiobmlaigical effects were most

likely due to the oil spill and not to natural hgdarbon seepage.



A study was initiated in May 2011 to determine dfiects of the DWH oil spill on sediments and bénthuna in the deep sea of the
Gulf of Mexico (Montagna, Baguley, Cooksey, Hyl&2@ll 3). This study was performed under the direadiotne DWH Natural
Resource Damage Assessment (NRDA) Deepwater Beddmnumunities Technical Working Group (NRDA Deep Ben TWG),
which was composed of scientists, managers, amdseptatives from the trustees and British Petmol@P). The purpose of the
study was to assess potential spatial and tempopaicts of the DWH oil spill on sediments and bentauna in deep-water areas of
the Gulf. One objective of this NRDA study was ¢ésample 32 stations that were sampled in 20108 thsponse cruises. In the
present article, results from the NRDA field samgleffort in May and June 2011 are presented aiiststally compared to 2010
data to test for persistence of impacts or alterelgtfor any signs of recovery from the oil spill.

METHODS

A cruise was conducted 23 May-11 June 2011 abbafdA/ Sarah Bordelon. A total of 38 stations were sampled; 32 coincided
with stations that were sampled in fall 2010 (FggiA and B). An OISL mega-multicorer was used titecb 12 sediment core
samples with each deployment. Cores from eachwesp apportioned for analysis of macrofauna, meiwda hydrocarbons, metals,
porewater chemistry (oxidation potential [Eh], glgs, ammonia), and other basic sediment propdtbed C, TOC, total inorganic
C, total N, grain size). The details of the methadgsdescribed in Montagna, Baguley, Cooksey, Hdr®t al. (2013) and Montagna,
Baguley, Cooksey, and Hyland (2013).

The experimental approach was to test for signifieeof mean differences in total community respdoeteeen the 2 sampling years
(fall 2010 and spring 2011). The stations wered#diinto 2 main DWH effects zones as defined by teigma, Baguley, Cooksey,
Hartwell et al. (2013): “impacted” (high to moderampacts, the red- and orange-coded stationgjur€s 2 and 3 of Montagna,
Baguley, Cooksey, Hartwell et al. 2013) versus imgpacted” (unlikely impacts, the light green- anden-coded stations). A 3rd

zone (the yellow-coded stations), which is the botztetween moderate and unlikely impacts, but naay Isuffered impacts, was



included in the nonimpact zone for the purposdb®tcurrent analysis. For the present analysignp@ct stations were included
(ALTNFOO1, ALTNFO015, D031S, D034S, D038SW, D04094RS, D044S, DO50S, FF010, LBNL1, LBNL14, LBNL3, NB7,
NFO06MOD, NF008, NF010, NFO11, NFO12, NF013) anchd@impact stations were included (2.21, D002S,93)D024S,
D043S, D062S, FF005, FFMT3, FFMT4, LBNL17, LBNL4E-014).

Macrofauna were collected from 3 core samples fasingle multicore drop at each station. Statioagtaus nested within the zones,
so the experimental design is a partially hierax@hi2-way analysis of variance (ANOVA) that candascribed by the following
statistical model,

Yijk = 1 05 +Bk + ok +yko) + ayikg) ek » (1)

where Yjq is the dependent response variable; p is the bgaraple meang; is the main fixed effect for year, whegre 1 or 2 for
either 2010 or 2011« is the main fixed effect for sampling zone, whierel or 2 for either the impact or nonimpact zoufg is the
main fixed effect for the interaction between yaad zoneyy is the main effect for stations that are nestedifique) to the zones
and are thus a random effect as denoted by thatpases around the subsctiptvhich represents the 32 stations, all of whigh ar
nested unique to 1 of the 2 zoneRyx ) is the interaction term for year—zone—stationsgehde ;i is the random error term for each

of thei replicate measurements within cells.

For meiofauna, only 1 core sample was collecteshfeach single multicorer drop at each station. Beeanly 10 of 12 cores from

each multicorer drop were usually successful, thane not enough cores available from each dra@pllect more than 1 meiofauna
sample in addition to remaining cores allocatedafmalysis of macrofauna, chemistry, and sedimesgeties. Also, our rationale for
replicating macrofaunal and not meiofaunal sampies that smaller-sized meiofauna were assumedydass on the spatial scales

of the size of the coring device than were largeeesmacrofauna. Because there are no replicaés @athin multicorer drops, the



triple-interaction term does not exist, thus thedalas reduced to

Yijk = W +oj Pk + afjk + k) TGk - (2)

Macrofauna were identified to the family level, andiofauna were identified to the major taxa |gweetler or higher). Macrofaunal
community structure was analyzed using nonmetriltidimnensional scaling (MDS) by first creating aa@rCurtis similarity matrix
among stations and then an MDS plot (Clarke 19%&k€ and Warwick 2001). Differences in communttysture between years
and zones were tested using analysis of similarf@&OSIM) and SIMPER in Primer software (Clarké©3§ Data were lagx + 1)
transformed prior to multivariate analysis in Prirteedecrease the effect of numerically dominaetcsgs on the community

composition, as presented in the MDS bivariatesplGlarke and Gorley 2006).

Benthic response variables presented here inchidefaunal abundance, number of taxa, Hill's Ndedsity (Hill 1973), and
nematode to copepod ratios (N:C). Hill's N1 is éxponentiated form of the Shannon-Weiner H' ditgisdex, N1 =e", and was
selected because it is easily interpreted as fhetefe number of dominant species (i.e., taxatierpresent study) and N1 trends to 1
as diversity decreases. The N:C ratio first proddseRaffaelli and Mason (1981) has been widelylwesean indicator of pollution
exposure, and it is sensitive to hydrocarbon expgo@eeterson et al. 1996; Montagna et al. 2013jptibenvironmental variables

consist of TPHSs, total PAHs, Ba, and selected ahhabitat characteristics (depth, sediment graig, &nd TOC).

All ANOVA tests were performed using SAS 9.3 softetdROC MIXED was used for the ANOVA, and theistadal model was
implemented with the following SAS code: Y = Yeam& Year*Zone Station(Zone) Year*Station(Zone)rf@acrofauna. Because
there were no replicate cores for meiofauna oséaliment chemistry, the model was reduced to: Year¥one Year*Zone
Station(Zone). The RANDOM statement was used ttadeStation(Zone) and Year*Station(Zone) randofaect$ and calculate the

expected mean squares (EMS) to construct apprepritests. For macrofauna, the appropriate error fertheF-tests for the Year



and Year*Zone terms is the Year*Station(Zone) imtéon term, and the appropriate error term fordbee test is the Station(Zone)
interaction term. For chemistry and meiofauna apygropriate error term for thtetests for the Year and Year*Zone terms is the

residual error term, and the appropriate error emthe Zone test is the Station(Zone) interactemm.
RESULTS

There were no statistically significant differena@gontaminant concentrations in the defined inhgaoe from 2010 to 2011 (Table
1, Figure 1). One station (D034S within 3 km of Wilhead) had a large increase in hydrocarbons-f@ld for total PAHs and 11-
fold for TPHs) from low background levels in 20I0l¢vels equivalent to high impact sites in 201Q3BS was originally classified
as a “yellow” station in 2010 with uncertain impgadbut would be classified as a “red” station il 2QMontagna, Baguley, Cooksey,
Hartwell et al. 2013), so station D034S was rediasisas an impact station for analyses performae lfTable 1).

All 3 macrofaunal metrics- abundance (n), number of taxa (S), and Hill’s ditg (N1)— increased from 2010 to 2011 within both
the impact and nonimpact zones (Table 2A). Howewerpattern of lower number of taxa and lower diitg in the impact zone
compared to the nonimpact zone in 2010 persiste@®1d (Figure 3), with results of ANOVA revealingsificant between-zone
differences in these metricseak 0.05, and insignificant zone—year interactiomte (Table 2B). On average over both years,
macrofaunal richness and diversity were 27% and @8%in the impact zone than in the surroundimgmpact zone. Whereas
macrofauna abundance increased in the impact 2068% from 2010 to 2011, it increased only 4% i& tionimpact zone (Table
2A). Although this is an apparent interaction (FedA), the year—zone interaction term was onlygimaily nonsignificantl =
0.0574, Table 2B). Yet the large (69%) increaseacrofaunal abundance from 2010 to 2011 withinrtigact zone was notable
(Table 2A). The highest abundance wa$:2@8/nf at station DO31S in 2011, but only:1867/nf at station LBNL17 in 2010.
Stations with the highest densities in 2011, inessaf the mean of $533/nf for both zones combined, are mostly from the impac

zone (10 from impact sites, 5 from nonimpact sites)



Evidence of impacts to the meiobenthos in 201Quihedl higher total abundances, higher N:C, lowerberof taxa, and lower N1
diversity within the impact zone compared to thaimpact zone (Table 3A). In 2011, the higher tatalndances and lower number
of taxa in the impact zone persisted (Table 3Buieig 4A and B). However, there were also signeadvery observed in 2011, as
reflected in significant interactions between zoaed years for N1 diversity and N:C ratios (Tald,4lue to converging values of
these variables between the 2 zones in 2011 (Fgl€eand D). Although there was a 23% reductict@i meiofauna in the impact
zone from 2010 to 2011, and a 3% increase in themmact zone (Table 4A, Figure 4A), the interacti@mtween year and zone was
not significant P = 0.3998), so we conclude that there is no sieeibt significant difference in total meiofaundwndance between
the 2 zones over both years overBIH0.0882). However, one must always be awareeirtbreased likelihood of making a Type I
error (failing to reject a false null hypothesid)em theP-value is less than 0.1. The interaction for th€ Katio is strong, howeveP(
= 0.0046, Table 3B, Figure 4D). There was a sigaift reduction of N:C in the impact zone from 2642011, largely because of
reduced numbers of nematodes. However, the patteaduced numbers of meiofaunal taxa in the impane compared to
nonimpact zone in 2010 (i.e., 23% less) still gtexl in 2011 (28% less) with significant differestetween zone® (< 0.0001,
Table 3B) and insignificant zone-year interactiemt P = 0.1518, Figure 4B). The persistent impact toataeinal richness

translates to 26% fewer taxa in the impact zone thahe surrounding nonimpact zone over both yeaesall.

Results of MDS plots suggest there were similatepas in community structure among nonimpact statioetween 2010 and 2011
for both macrofauna (Figure 5) and meiofauna (Fidd)r For both macrofauna and meiofauna, the op@ibals group together on
the left side of the plots. Community structure fmacrofauna and meiofauna was different betweemadtgnd nonimpact stations in
both years, and 2-way crossed ANOSIM indicatesdbatmunity structure was significantly differentWween zones across all year
groups P = 0.001 for macrofaun#&, = 0.002 for meiofauna). However, community stroetwithin the impact zone was different
between the 2 years, and ANOSIM confirmed yeaetiffices across the zone grolps (0.002, macrofaun#&, = 0.005, meiofauna).

This was supported further by the MDS plots, whbese was a difference between the impact and ragtrzones indicated by



solid (impact) symbols aggregating on the left ©iflthe MDS plot and open (nonimpact) symbols aggpieg on the right side of the
plot for both macrofauna (Figure 5) and meiofaufigyre 6). There was also a shift in communityctice for both macrofauna and
meiofauna within the impact zone between the 2syeadicated by the blue-solid (2010 impact) symslaggregating on the far left
of the MDS plot followed by green-solid (2011 impagymbols shifting to the right of the MDS plotn&lly, the blue (2010)
symbols are spread across the entire MDS plotspaoed to the concentrated aggregation of greerljZyinbols, which indicates

that community structure for both macrofauna antfaana was more dissimilar in 2010 than in 2011.

DISCUSSION

Persistence of impacts

Chemical contaminants persisted at similar conaéntrs 1 y after the spill (Table 1). Total PAHsIarPHs were 40 and 34 times
higher, respectively, in the impact zone relativéhe nonimpact zone in 2011. These results dematashe persistence of spill-
related contaminants in sediments in 2011 followheyDWH event. However, the dramatic increaseAR Rnd TPH concentrations

at station D034S is evidence of the patchy natbiceotamination on small spatial scales.

There were differences between the years, andriicplar the overall abundance increased in bathnibnimpact and the impact sites
from 2010 to 2011. This is likely a simple yearyear variation, but we do not have sufficient dacil data to speculate the cause of
this, other than that the 2010 samples were celieict the fall and the 2011 samples were colleictede spring. So it is possible that
this is simply a seasonal difference rather thamemannual difference. The difference betweens/eawhy the interaction terms are

important to detect impacts, and this is analogouwsbefore-after-control-impact study.

There was evidence of persistent impacts to bamtacrofauna and meiofauna as a result of the DVAteln 2011, macrofaunal



richness and diversity remained 23% and 36% lespgectively, in the impact zone than in the nonichpane, and meiofaunal
diversity was the same but richness was 28% leggimpact zone than in the nonimpact zone. Theeof higher meiofaunal
densities in the impact zone compared to the noadtgone in 2010 persisted in 2011 — that is, 3&§dr in 2010 and 14% higher
in 2011, or 26% higher overall for both years cameki (Table 3A) — providing further evidence of kmimpg effects. These effects
are largely due to higher densities of pollutiofetant nematodes (Giere 1979; Montagna and Ha@®8; Montagna, Baguley,
Cooksey, Hartwell et al. 2013; Baguley et al. 20bh3he impact zone in both years, although thieivated densities had declined by
2011 and between-zone differences were not statilstisignificant. On average overall, polychaatmilies made up 84% (x9% SD)
of the individuals at impact sites, and 71% (x7%tha nonimpact sites. These percentages werdadeint both 2010 and 2011.
Peterson et al. (1996) proposed that higher peageastof polychaetes also indicate impacts neanaksoil and gas platforms. There
also was a large, though statistically insignificamcrease in macrofaunal abundances within thpagnzone from 2010 to 2011. The
most abundant taxa at these sites in 2011, withitlesin excess of 5000fmwere the polychaete families Dorvelleidae and
Acrocirridae, which were also dominant at nonimpsies. Members of Dorvelleidae (e.g., the gdbasiillea) and Acrocirridae
(e.g.,Acrocirrus) are recognized as pollution-tolerant taxa or oppustic colonizers of disturbed sediment (Botjale 2000; Gillett
et al. 2015; also see Pearson and Rosenberg 1§&@liregDorvillea). Two other dominant, but less abundant, macrafbgroups
within both zones were the polychaete families @diplae and Maldanidae. Most capitellid specieskarown to be pollution
tolerant, though maldanids are generally regarddueang pollution sensitive (Borja et al. 2000;|&tlet al. 2015).

The multivariate analyses on community structuse a¢vealed persistent impacts to macrofauna amfanea in 2011, because of
the persistent dissimilarity between the impact mowimpact zones. This dissimilarity is manifestisdhe preponderance of solid
symbols (representing stations in the impact zon#)e left part of Figures 5 and 6, and a prepcente of open symbols
(representing stations in the nonimpact zone) enitiht. The persistence of these community straatifects nearly 1 y after the

wellhead was capped indicates that full recoved/y&t to occur as of 2011.



Meiofauna N1 diversity and N:C ratios showed soigassof recovery. Total meiofaunal density withive impact zone from 2010 to
2011 was reduced by 23%, consistent with a sigmfi@7% reduction in N:C ratios in the impact zdde 2011, meiofauna N1
diversity showed no significant difference betwésmimpact and nonimpact zones (both zones hadswd#dn86), indicating a

recovery of this metric since 2010, when N1 diwgrgias 30% lower in the impact zone (Figure 4C).

Interpretations in relation to current knowledgelw deep-sea benthos

In general, benthic recovery depends on infaunangonity recruitment and succession rates follovargisturbance. This is
especially true for a disturbance with lasting eomnation of the substrate. The deep sea posescabkpircumstance because
recruitment and succession rates may be extrerwely Bor example, in situ experiments indicate thahe deep sea, recolonization
of clean, azoic sediments by macrofauna can tgleaor longer (Grassle 1977). One potential mashafor recovery in the impact
zone will be degradation or burial of DWH-derivashtaminants (Valentine et al. 2014). Recovery @fsottom benthos after
previous shallow-water oil spills in the Bay of Naix has been documented to take years to decBdeslier 1985; Dauvin 1998).
Given that metabolic rates of the deep-sea berateosery slow and turnover times are very long (Baget al. 2008; Rowe et al.

2008), it is possible that full recovery of thetiali impacts in the vicinity of the DWH blowout mégke decades or longer.

Significance of findings

Oil that ultimately makes its way to the seafloan pose significant risks to benthic macrofaunaraatbfauna living within or in
close association with bottom substrates, becéese torganisms have relatively limited ranges aadedentary (Giere 1979).
Potential benthic infauna losses are of conceraumethese organisms serve vital functions in gep-dea ecosystem, including

sediment bioturbation and stabilization, organi¢tevadecomposition, nutrient regeneration, secongerduction, and energy flow



to higher trophic levels (Tenore 1977; Gray 19849g&2003; Thistle 2003; Danovaro et al. 2008). ddep-sea benthos may also
represent an important source of marine biodive(sity., Hessler and Sanders 1967; Jumars 197& Tx9; Hecker and Paul
1979; Rex 1981; Rowe et al. 1982; Grassle and MBwteous 1987; Grassle and Maciolek 1992; BlakeGrassle 1994).
Maximum benthic species diversity in ocean watéth® northeastern Gulf of Mexico occurs at midupper-continental slope
depths between 1200 and 1600 m (Tyler 2003; WeRowle 2006; Rowe and Kennicutt [l 2008, 2009; Hexbdet al. 2008; Wei et
al. 2010), which coincides with the depths of th&iBDwellhead and impact zone. Danovaro et al. (2@d8yide evidence linking the
loss of benthic biodiversity to an exponential dexin deep-sea ecosystem functioning.

Assessing impacts to the benthos is also impofitamt a legal perspective. Under the Oil Pollutioct Af 1990 (OPA90, 33 U.S.C.),
federal and state trustees are given authoritgsess damages to natural resources caused bysaillak part of the NRDA process.
Quantifying the persistence of damages to thesg-derthic fauna, in addition to more familiar sgscsuch as seabirds and marine
mammals, all of which are considered to be natesdurces in the public trust, is an important gtethe NRDA process and for

understanding what is needed to achieve full eccdbgestoration and to ensure the long-term ecodddpealth of the Gulf.
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<abstract type="short">Key Points

Contaminants from the Deepwater Horizon blowousiséed for 1 y in the deep sea.</B1>

Persistent community structure change occurretdtdr macrofauna and meiofauna communities withim 3 km of the
wellhead.</B1>

Biodiversity loss persisted for both macrofauna areiofauna taxa richness.</B1>

Persistent contaminants, biodiversity losses, anthtunity structure change in the impact zone iriditittle recovery in the deep sea
1y after the spill.</B1></BL>



Figure 1. Station locations overlayed with impact zonesegsesented by principal components analysis (F&€8des as defined by
Montagna, Baguley, Cooksey, Hartwell et al. (2023) stations within impact and reference zon&¥, oomed to within 10 km
from the MC252 wellhead with distance rings at @ 8rkm from wellheadR).

Figure 2. Interactions between year and zone treatmentseftiment chemistry, including mean and SDs fdscé&btal PAHSs for 44
priority compounds (PAH44)X); total petroleum hydrocarbons (TPHB);(Ba (C); mud, that is, total silt plus clay conteBX)(
Means and SDs are back-transformed for PAH44, HPH Ba.

Figure 3. Interactions between year and zone treatmentsdorofauna metrics, including mean and SDs fds:cAbundance, n m
2 based on log back-transformed valuk) axa richness (R, number of taxB);(diversity, Hil's N1 ). TPH = total petroleum
hydrocarbon.

Figure 4. Interactions between year and zone treatmentaéisfauna metrics, including mean and SDs for céllsindance, n M
based on log back-transformed valu&} taxa richness (R, number of taxB);(diversity, N1 C); nematode to copepod ratid)(
Figure 5. Nonmetric multidimensional scaling plot of mactafia community structure with respect to the 2-wesigh (year vs
zone).

Figure 6. Nonmetric multidimensional scaling plot of meiof@icommunity structure with respect to the 2-wagigte(year vs zone).

Table 1. Chemistry: Mean values of targeted abiotic envirental variables by year and zone, and ANOVA re3ults

Cell means ANOVA®
Response variable 2010 2011 ProbabilityF
Impact Non-impact Impact Non-impact Year Zone Year*Zone
Total PAHs (1g/kg) 3270 68 4020 25 0.4302  <0.000f 0.2242
TPH (ug/g) 520 20 760 9 0.5906  <0.000% 0.1023
Ba (1g/9) 1250 420 850 400 0.0414 0.0016 0.0807

Silt + clay (%) 97 08 95 97 0.0158  0.0766 0.1981




ANOVA = analysis of variance; TPH = total petroletaydrocarbon.
& “Average water depth is 1344 m at impact stationis1&20 m at nonimpact stations.

%“PAH, TPH, and Ba ANOVAs are based on log-transfatwveues, and means are back-transformed.

®SignificantP value.

Table 2. Macrofauna: Mean values of targeted responsehtlagdy zone and year, and results of ANOVA

Cell means ANOVA
Response —
} 2010 2011 ProbabilityF
variable
Impact  Nonimpact Impact Nonimpact Year Zone Year*Zone

Density (n/mi™?) 7000 8600 113800 8900 0.03124 0.7583 0.0567
Richness (# taxa

. 25 20 26 0.0132 0.0034  0.2666
samplé’)
Diversity (Hill's

Y 17 11 18 0.0978  0.0007 0.6656

N1 sampl&’)

ANOVA = analysis of variance.
% “Density was log-transformed prior to analysis aadketransformed for presentation here.

z:SignificantP value.

Table 3. Meiofauna: Mean values of targeted response asgdly zone and year, and results of ANOVA

Cdl means ANOVA
Response

) 2010 2011 ProbabilityF
variable

Impact Nonimpact Impact Nonimpact Year Zone Year*Zone




271050

00 1::728::000  2::080::000 1::783::000

Density’ (n/m™?)

Richness (# taxa
10 10 14 <0.0007

samplée?)
Diversity (Hill's

L 1.41 2.01 1.86 1.86 0.0536
N1 sample)

N:C 29.4 5.7 6.9 7.8 0.0212

0.2005

0.0002

0.0002

0.0109

0.1094

0.0072

0.0008

0.0064

ANOVA = analysis of variance; N:C = nematode toeoqd ratio.
a§§§§§§Density was log-transformed prior to analysis aadkktransformed for presentation here.

““SignificantP value.
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