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Further information submitted by the International Seabed Authority —
Informations additionnelles transmises par I’Autorité internationale des
fonds marins

“A Summary of Available Information in the Public Domain on the Likely
Impact of Exploration and Mining Activities for Nodules on the Marine
Environment” submitted on 26 August 2010

Ay human activity will impact the environment in which it occurs. The level of impact depends on
the type of sclwity and the emvironment where this acthity occurs. This document is a brief
summery, including abstracts from the peer-reviewsed literature, on the potential impact of minmng
for polymetallic nodules on the marine emaronment,

The document contains a summary of the potemial impacts as refected in the tonclusions of an
intemathonal workahop hild by the Imlemationsl Seabed Authority; the names of flve scientlsts wha
have expenence in the assessment of the potentlal environmental impacts; a hst of the key chapters
in documents that have been published by the Authority; and some relevant pees-reviewed sclentific
publications with abstracts.

The infarmatian contained in {his document is a sample of the informaton available on the potential
impacts of acinvities associated with polymetallk nodule resources in the deep sea and is therefore
not exhausthee.

Short Summary

From: Harmonisation Workshop on the Standarditation of Emvironmental Data and Information:
Development and Guidelines. Kingston, Jamalca (25-29 June, 2001), Chapter 3.

Segfioor mining of polpmercilic nodules hos the potentiol to impoct vast oreas of the deep-seo
ecosystem. The nodule resources occur in deep aceank wolers fgreater thon 4000 metres) for
removed from the continents ff.e., beyond major influence of coustol productivity and terrigencus
sedimentation); thus, they one found in some of the least studied hobitats in the vosphere, Cuerent
claims under the jurisdiction of the intemational Seated Authority (ISA} incTude vast cbyssol tracrs in
the North Pocific Oreon within the Clipperton-Clonion Frocture Zone [CCFZ) 05 weil a3 in the north
centrol indion Ocean. If @ substontial portion of the choum arecs in the Pocific and Indien Oceans are
one day expioited, nodule mining could yield one of the largest areal impacts for o single type of
commerciol activity on the face of the earth.

The main environmental impocts of nodule mining are expected ot the seaffoor, with iess intense and
persistent effects in the water column,

Mojor potential impocts include:

1. Remowval of surfore sediments, polymetalic nadues ond astocioted bioto from mudtipie
potches tens (0 hundreds of sguare kiometres in orea. Seobed sediments remaining m these
potches will be compressed ond braken up by passoge of the mining vehicle.

2. Crection of o massrve near-bottom sediment plurme 63 o consequence of nadule removal,
Sediment in the plume will regeposit on the surrounding secfioor, burpng the
sediment/woter interfoce and blota under sediment bignkets ranging in thickness from o few
groins 10 severol centimetres, A diffuse plume will persist in the benthic boundary layer for
wereks to manths, potentially travelfing hundreds of kifometres,

3. In the surfoce oceon, release of bottom waler entrmined with lifted nodufes, as wel g3
sediments ond nodule fragments, may enhance nutrient ond heovy-metal concentratians,
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ond reduce light levels; these afterations may offect, emong other things, rates of primary
production, food-web dynamics ond surviva! of Jorval fish in oceanic surfoce woters. Seltling
of sediments and nodule fragments from this discharge into the oxygen-minimum 1one may
leod to the release of heavy metols.
4. The discharge of tailings from nodule processing will {by future ISA regufations) occur in the
deep aceon below the oxygen minimum Zone fLe., typicolly below o depth of 1200 m}. Once
ogain, a farge sediment plume will be formed, oltering suspended porticle concentrutions,
potentiolly influenicing midwoter food webs ond yiekding sediment redeposit ion on the

undertying seaftoor.
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R Shwma (2005) Deep-ses Impact axperiments and their future requirements. Marine
Georwrources And Geotechnology. vol. 23 (4) pp. 331-338

In recent years, several experiments ta asseds the potential impacts dve to deep-sea mining in the
Pacific as well as the indian Oceans have indicated the immediate changes and restoration patterns
of environmental conditions in the marine ecosystem. The large volume of sediment (similar to S00 x
10{7) m{3} per year) estimated to be resuspended would be the major infivencing factar n
environmental impact in the mining area, leading to changes in availability of certain nutrients and
composition of blomass, followed by gradual restoration. Important results have been obtained
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from thete experiments, bat in order to have a better understanding of the impacts and restoration
proceases, it will be necessary 1o improvise future experiments to resemble actual deep-sea mining
in terms of scale and methodology,

hitp://dx dol.org/10.1080/10641190500446693

PAL Bharathi, BN Nagender Nath, BS Ingole, G Parthiban, 5GP Matondkar, € Raghukumar, NH
Khadge, AD Vebangkar, A Suryanarayana, S8 Sanksr, A Sharma (2005} impacts on surface
productivity during sediment dispersal experiment in Cantral Indian Basin. Mavring Georesources
And Geotechnology. vol. 23 {4) pp. 315-330

It is anticipated that in the case of mining of marine minerals, sea Roor sediments will be brought up
slong with the mineral ores and discharged on the surface. These nutrient rich sediments would
create a set of different physicochemical conditions al the polnt of discharge thus altering the
regimes of productivity in the water column. in order to assess the effecis of deep sea sediment
discharge on the oceanlc surface water-layers {0-50M) after nodule mining, a Sediment Dispersal
Experiment (SEDEX) was conducted in Central Indlan Basin (CIB}. A total of 675 liters of slurry
prepared from 225 kg of wet sediment (330g{.}l{-1}} was discharged on the surface during the
experiment. Water samples were collected before and after the discharge to monitor the changes in
different environmental parameters. There was 2 general increase in bacterial abundance and
primary producers along with suspended particulate matter. Migratlon of zooplankton is artificially
induced by the stimulatory effect of the sediment and high load of phytoplankton. An increase in
drversity, both at the primary and secondary level is notlceable. Within the spatial and temporal
frame of observation, waters become net-nltrityang. The influence of the dispersal is apparently
more benefcial than harmful on the experimental scale. The results are interesting and warrant
more intense effort with long-term observations to evolve predictive models.

http://dx doi 72

H Thiel, G Scihriever, E) Foell (2005} Polymetallic nodule mining, waste disposal, and species
extinction st the abyssal seafloor. Maring Georesources And Geotechnology. vol. 23 (3) pp. 209-
120

The size of individual mining blocks for polymetallic nodule extraction seems to be rather small, not
more than 100 km 2 in the French mining claim. Even when adding an additional resedimentation
zone to the directly impacted area, the size of the affected seabed would remain below 200 km(2).
We assume that even rare species in the abyss Inhabit larger areas and propose discussions of the
International Seabed Authority and other stakeholders for the different subregions on mining
strategies from the perspective of exploltation versus species extinclion and conservation. ARhough
impacts of waste disposal at the abyssal seafloor are different from those of nodule mining, the 200
km concept may abso be applied.

Jidx.doi.ogf10 2

AG Glover, Cralg R Smith (2003) The deep-sea floor ecosystem: current status and prospects of
anthropogenic change by the yaar 2025, Environmental Consarvation. vol. 30 {3) pp. 219-241

The goal of this paper is to review current impacts of human activities on the deep-tes fioor
ecosystem, and to predict anthropogenic changes to this ecosystem by the year 2025. The deep-sea
floor ecosystem 15 one of the Largest on the planet, covering roughty 60% of the Earth's solid surface
Desplte this vast size, our knowledge of the deep s 13 poor relative to other marine ecosystems,
and future human threats are difficult to predict. Low productivity, low physical energy, low
bsological rates, and the vastness of the iofi-tediment deep sed create an unusual suite of
conservation challenges relative to shallow water. The numerous, but widely spaced, 1sland habitats
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of the deep ocean (for example wamounts, hydrothermal vents and submarine canyons} differ from
typical deep-sea soft sediments in subsirate type {hard) and levels of productivity {ofien high); these
habitats will respond differently to anthropogenic impacts and climate change. The principal human
threats to the deep sea are the dispossl of wastes (structures, radloactive wastes, munitions and
carbon dwxide), deep-sea fishing oll and gas extraction, marine mineral extraction, and climate
thange. Current international regulations prohibit deep-sea dumping of structures, radipactive
waste and munitions. Future disposal activities that could be significant by 2025 include deep-sea
carbon-dioxide sequesiration, sewage-sudge emplacement and dredge-spoil disposal. As fish stocks
dwindle in the upper ocean, deep-sea fisheries are increasingly targeted. Most [perhaps all) of these
deep-sea fisheries are not sustainable in the long term given current management practices; deep-
sed fish are long-lived, slow growing and very slow to recruil in the face of sustained fishing
pressure. Oil and gas exploitation has begun, and will continue, in deap water, creating significant
localized impacts resulting mainly from accumulation of contaminated dnll cuttings. Marine mineral
extraction, in particular manganese nodule mining, represents one of the most significant
conservation challenges in the deep sea. The vast spatlal scales planned for nodule mining dwarf
other potential direct human impacts. Nodule-mining disturbance will likely affect tens (o hundreds
of thousands of square kilometres with eécosystem recovery requiring many decades to millions of
years (for nodule regrowth). Limited knowledge of the 1axonomy, species structure, biogeography
and basic natural history of deep-sea animals prevents accurate assessmemt of the risk of specwes
extincuons from large-scale mining. ‘While there are close linkages between benthic, pelagic and
climatic processes, it is difficult to predict the impact of climate change on deep-sea benthi
ecosystems; it is certaln, however, that changes in primary production in surface waters will alter the
starding stocks in the food-limited, deep-sea benthic. Long time-series studies from the abyssal
North Pacific and North Atlantic suggest that even seemingly stable deep-sea ecosystems may
exhibit change in key ecologlcal parameters on decadal time scales. The causes of these decadal
changes remain enigmatic. Compared to the rest of the planet, the bulk of the deep sea will
probably remalin relatively unimpacted by human activitles and climate change in the year 2025.
However, increased pressure on terrestnal resources will certainly lead to an expansion of direct
human actwities in the deep sea, and to direct and indirect environmental impacts. Because so little
is known about this remote environment, the deep-sea ecosystem may well be substantially
modlﬂed before its natural state is fully understood.

T Radzlejewska (2002) Responsas of desp-sea melobenthic communities to sediment disturbance
simulating effects of polymetallic nodule mining. international Review O Hydroblology. vol. 87 {4}
pp. 437477

During & benthic impact experiment (BIE) carvied out during 1995-1997 by the Interoceanmetal Joint
Organization {}OM) at an abyssal site in the North-East Pacific, sediment disturbance mimicking that
resulting from polymetallic nodule extraction was created with a specialised device (the Benthic
Disturber}. The effects of the disturbance on meiobenthic communrties were assessed immediatety
after disturbance and 22 months later. A reduction in meiobenthos abundance, observed
immediately following impact, was not significant; naither were changes n composition of the
meiobenthos which was dominated by nematodes and harpacticoids. The lack of any significant
numerical response is probably accounted for by the moderate degree of disturbance in this study,
compared with other BIE-type experiments. On the other hand, statistically significant changes in
both mekofauna abundance and vertical distribution profiles in the changed sediment within the
Disturber tracks were recorded. After 22 months, 8 sigaificant increase in overall mewbenthos
abundance was detected in that part of the test she affected by increased resuspended sediment
settlement and receiving natural phytodetrital inputs. Certain taxon-specific responses on the part of
rematodes and harpacticoids were noted both immediately after the disturbance and 22 months
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later. They were explained by the effects of sediment physical reworking and responses to
phytodetrtal enrichment. The results presented should aid in developing experimental designs, on
both temporal and spatial scales, of future deep-sea tests aimed a3t assessing the scale and
consequences of man-made impacts.

H Thiel, G Schriever, A Ahnert, H Bluhm, € Borowski, K Vopsd (2001) The Lwge-icale environmantal
impact experiment DISCOL - reflection and foresight. Deep-Sea Research Part il - Topical Stwdies in
Oceancography. vol, 48 (17-18) pp. 3865-3882
It is now accepted thal environmental impact studies should accompany society's growmg interest In
exploiting deep-sea rescurces. A large-scale expenment, DISCOL {Disturbance and recolonisation
expetiment in a manganese nodule area of the deep South Pacific) was conducted to evaluate
potential impacts from mining on the deep-sea bed. DISCOL was the first of a series of projects
almed at better understanding impacts of industrial-scale mining of polymetallic nodules upon the
seafloor and its biological community. A schedule of biological work, Including a disturbance scheme
and sampling patterns, for another 12-year period is described that butlds on the 0ISCOL results, but
is strictly valid only for this area. However, future experiments may use estimates from the DISCOL
data as a first approximation in their planning phase, but will need to comduct site-specific sampling
10 establish a baseline.
; i 7 1] 71-6

N Rodrigues, R Sharma, BN Nagender Nath (2001) impact of banthic disturbancy on megafauna in
Central Indian Basin. Deap-5ea Rasesrch Part Il - Topical Studles in Oceanograply (2001) vol. 48
{16) pp. 3411-3426

Deep-sea photographs and video data were studied to evaluate the effects of benthic disturbance
on megafaunal distribution in the Central Indlan Basin. Xenophyophores (41 %) and holothurlans
{30%} are the most abundant taxa, followed by other groups in the area before the disturbance. An
ovenall reduction (32%) in the total megafaunsl population after disturbance is direct evidence of the
impact on benthi¢ environment. Different groups such as xenophyophores, sea anemones, shrimps,
starfish, brittle stars, hoiothurians and fish show different degrees of reduction (21-48%} in their
numbers, depending upon their ability to withstand increased turbwdity and sedimentation rates due
to disturbance.Faunal groups such as protobranch molluscs, polychaete worms, seafans and squids,
observed before the disturbance, were not seen afler disturbance, whereas populations of some
taxa increased afler the disturbance. Increased numbers of mobile taxa could be due to increased
levels of organic carbon due to resedimentation, whereas increase in sessile taxa may partly refiect
the difficuity in distinguishing live from dead specimens. The impact on faunal assemblages is more
severe in the disturbed area than the undisturbed srea.Qur results indicate that monitonng of
megafauna can be used effectively to evaluate the potential impacts of large-scaie mining or other
disturbance on the seafloor, andd may therefore help in developing measures for conservation of the
benthic environment,

i 16/50967-064 -

K Vopel, H Thiel {2001} Abyssal nematods sssemblages In physically disturbed and edjacent sites
of tha sastern equatorisl Pacific. Deep-Ses Resesrch Part Il - Toplcal Studies in Ocaanography. vol.
43 (17-18) pp. 3795-3808

The nematode assemblages of experimentally impacted and adjacent sediments in abyssal depths of
the easterm equatorial Pacific were investigated 7 years afier a physical disturbance. A total of 3048
nematodes belonging to 68 genera and 26 families were identifled. The nematade fauna at both
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disturbed and control sites was dominated by specimens belonging to the genera Acantholarmus,
Chromadorita, Thalassomonhystera, Desinoscolex, Halalaimus and Diplopeltula. These genera
contribute to about 55% and SO% of total nematode fauna In the disturbed and control sites,
respectively. The mean relative abundance of the dominant genus Acantholaimus ampunted to
about 20%. Generic diversity, evenness and richness at the undisturbed sites do not significantly
differ from the corresponding median values at the disturbed sites. Mean k-dominance curves show
differences in community structure between treatments. Ordination of square- and fourth-root-
transformed family abundances revealed groupings of the disturbed and undisturbed samples
{significant at the 5% level), whereas ordination of genus abundances did not. Sample variabillty was
investigated by inspection of the relationship between vanance and mean abundance of genera and
families in each sample group and by cakculating the comparative index of multivariste dispersion
(IMO}. There is a clear increase in the standard deviation for a given mean of genus or family
abundances at the disturbed sites. A higher variability among the disturbed samples, however, does
not appear to be true in the multivariate sense.

A Ahnert, G Schriever. (2001) Response of sbyssal Copepoda Harpacticoida {Crustacea) and other
malcbenthos to an artificlal disturbance and its bearing on future mining for polymetallic nodules.
Deep-5ea Research Part Il - Topheol Studies In Oceanography. vol. 48 (17-18) pp. 3779-3794
Long-term effects of an anthropogenic physical disturbance on the Harpacticoida taxocene at a
deep-sea site were investigated during the course of the disturbance and recolonlzatwon {DISCOL)
experiment in 3 manganese nodule area in the southeastern Pacific. Nineteen harpacticoid copapod
families were found, contnbuting 9-12% 1o the metazoan meiofauna of the expenmental area
{Nematoda 72-80%). Twelve families otcurred in sufficient numbers to be considered
representatively sampled. Dominant are the Ameindse (17%) followed by Ectinosomatidae,
Asgestidae,  Titbikipe, Neobradyidae, Dicsaccidae, Paramannopidae, Paramesochridse,
Canthocamptidae, Cletodidae, Thalestridse and Huntemanniidae. These families are mainly
distributed at random. Bask data on developmental stage composibon and sex ratio of total
Flarpacticoida as well as vertical distribution of harpacticord families in the sediment column are
provided. Within the overall aim of the experiment, which was to assess the ecological risks of future
deep-sea manganese nodule mining, we conducted muRtivariate community analyses based on the
familial composition of the Harpacticolda assemblages immediately before and after experimental
impact as well as seven years later. We were not able to detect a community response at the family
level immediately after impact. An identification of the Tisbidae to specwes, however, revealed initial
disturbance effects. After seven years we found significant differences in the assemblage
composition of the directly disturbed portions of the experimental area and the secordarily
disturbed areas in between, which 10 some extentt had received blanketing from sediment plumes
¢reated during the experimental disturbance.Best ducriminating families for long-term effects are
the Ameiridae, Argestidae and Thalestridae. Their potential value as indicator taxa for monitoring
disturbances in the deep sea is discussed, including some considerations on a cost-effective design
of such monilorlng programs that would Incfude the melofaunal Hirpactu:olda

R Sharma (2001} Indian Deep-sea Environment Experiment {(INDEX): An appralsal. Deep-Ses
Research Part 1l - Toplcal Studies In Oceanography. vol. 48 {18) pp. 3295-3307

Indian Deep-sea Environment Experiment (INDEX) is @ multi-disciplinary study 1o establish baseline
conditions and gvaluate the possible impact of deep-seabed mining in Central Indian Basin. A
disturbance was simulated to study the effects of sediment re-suspension and re-settlernent in the
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benthic areas. Monitoring the prooess of restoration and recolonisation of benthic environment and
development of predictive models for ervironmental impact of deep seabed mining are
underway.Significant information on physical, chemical, biclogical and gealoglcal characteristics of
water column and benthlc baseline conditions has been generated in the programme Evaluation of
impact of simulated disturbance on the seaflocr shows vertical mixing of sediment on the seafloor,
lateral mgration of sediment plume, changes in geochemical and blochemical conditions as well as
reduction in biomass in the benthic environment. The resufts obtained are useful in determining the
indicator parameters and standardising the methods for assessment of effects of large-scale mining.

hitp./fdx doi.

H Thisl, F Tefsss-Umwelschutz. (2001) Evalustion of the environmental consequencas of
polymetallic nodule mining based on the results of the TUSCH Research Assoclation. Deep-Sea
Research Part |l - Topical Studies in Oceanography. vol. 48 {17-18) pp. 3433-3452

Realising a need for increased general knowledge of the deep sea for environmental impact
assessments related to the permanent storage of waste products and mining of metal resources, the
German Bundesministerium fur Bildung und Forschung has funded targeted research in the deep sea
for more than 10 years The research was carried out in an area in the Southeast Pacific Ocean chose
1o and within a German mining chim, 10 match the interests of German deep-sea polymetalhc
nodule mining enterpnses and the developing mining code of the Preparatory Commission for the
Intemnational Seabed Authority and the International Tribunal for the Law of the Sea. The "TUSCH
{abbreviation for ‘Tiefsee-Umweltschutz’'- deep-sea environmental protection} Research
Association®, with members from vanous university and governmental institutlons, was part of the
ATESEPP (EHects of Technical Interventions into the Ecosystem of the Deep Sea in the Southeast
Pacific Ocean) Project between 1996 and 1938. Geotechnical, sedimentological, geochemical,
hydrographic, numerical modelling and ecological studies relevant to environmental impact
assessment studies of polymetallic nodule mining were undertaken. Jince general oceanographic
knowledge of the deep sea is rather limited, these various projects also have increased our general
understanding of this region.This paper describes the potential impacts of mining processes on the
seafloor and the near-bottom water |ayer as well as on bathyal and abyssal pelagw z0nes that will
receive processed water, sediment and abraded nodule fines {tailings} discharged after nodule
transport to the mining vessel at the acean surface. The TUSCH Research Association defined various
recommendations to keep the unavoidable impacts to a minimum, such aslimited penetration of the
mining system inlo the sedimentconfining intensive resedimentation 10 the area behind the
miner,minimising transport of sediment to the ocean surface, anddischarging all tailings at great
depths, ideally close to the seafloor.The recommendations are not new, but the present studies
have improved them from precautionary to scientifically based statements.

J/fdndoi.o 01 1

€ Borowskl (2001} Physically disturbed deep-sea macrofauna in the Peru Basin, southeast Pacific,
revisited 7 years aftér the experimental impact. Deep-Sea Research Part Il - Topical Studles in
Oceancgraphy. vol. 48 {17-18} pp. 3809-3839

Long-term disturbance effects of a physical disturbance experiment on the benthic macrofauna (>
SO0 mum), with particular emphasis on the dominant Polychaeta, were inveshgated in conpection
with the German ATESEPP joint programme in 4150 m depth in the Peru Basin of the tropical
southeast (SE) Pacific. The study site was the 10.8 km{2) expenmental field of the disturbance and
recolonization experiment {ISCOLY conducted In early 1989. This programme had the objective 1o
simulate some of the potential disturbance effects of manganese nodule mining on the bottom-
dwelling biota with a towed “plough-harmow” disturber, and subsequently to investigate the
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resultant community responses with three postimpact samplings during a period of 3 years. Seven
years after disturbance, in early 1996, the DISCOL site was revisited, and this study focuses on
temporal development of the macrofauna over that extended perlod. Box core sampies obtained
durlng all post-impact expeditions from the disturber tracks {disturbed treatment] were compared
with unploughed sediments from the experimemal field jundisturbed treatment) and with samples
from unimpacted sites of the surrounding (reference treatment). The experiment did not cause the
disastrous long-term community changes in the sediment dwelling macrofauna that previously were
predicted to follow large-scale disturbances. Abundance recoveries of the macrofsunal taxa were
largely terminated after 7 years, Major differences in the faunal compositions at the selected
taxonomic kevels of higher macrofauna taxa, polychaete families and polychaete species between
disturbed and control sites were not observed, but certain disturbance effects remained present
over the entire 7-year period: Within-treatment data heterogeneity for the higher macrofauna taxa
and the polychaete families was greater in the disturber track samples than In undisturbed and
reference treatments. Enhanced heterogenerty was expressed by significantly steeper regression
slopes of vanance-to-mean ratios of faunal abundances {p < 0.05) and enhanced spatial aggregation
at the levels of higher macrofauns taxa and polychaete families. Hurlbert rarefaction E{$-n) and
Shannon's dversity index H * caltulated in non-standard ways for polychaete species revealed that
patterns of diminished “diversity" in the disturbed treatments, which were observed during the later
DISCOL period, were still present after 7 years, afthough the intensity of this signal became weaker.
Recent abundance differences between treatments for the Bivaiia, Cumacea and the sigalionid
polychaete species Leanira sp. A suggested that unploughed areas from the experimental field
possibly were also affected by subtle long-term influences of particle plume settiement caused by
the disturber action.A briel comparison with macrofauna abundance data from other ATESEPP
sampie locatlons In the Peru Basin revealed highest similarity between the sites located in the
manganese nodule province, suggesting that similar disturbance effects can be expected for these
areas. Nevertheless, the experimental impact by far did not reach industrial mining impact
dimensions and interpretation of the results with regard to commerclal mining requires caution.
hitp: i 7-0645{01)00069-8

BS Ingole, S Pavithran, A Ansarl {2005) Restoration of deep-sea macrofauna after simulated
benthic disturbance in the Central indian Basin. Marine Georesources And Geotechnology. vol. 23 [4)
pp. 267-288

Macrofaunal communities of the Centrafl Indian Basin [CIB} were sampled with a spade before [June
1997}, andd immediately after (August 1997}, and 44 months (April 2001} after a simulated benthk
disturbance for polymetallic noduie mimng, The average density recorded down 1o a sediment depth
of 40 cm ranged from 59 to 799 ind(.)m{-2} (mean: 373 +/- 221 5D; n = 12} and 178-1066 ind{.Jmi-2)
{mean: 507 +/- 489 5D; n 3] in the test and reference area, respectively. Most of the macro-benthic
animals {64%) were concentrated in the upper 0 to 2 ¢m sediment layers, whereas, sizeable fauna
{6%) inbabited the 2040 cm sediment section and the deepest 5 cm secthon from 35-40 cm
contributed only about 2% to the total population density. The fauna, comprised of 12 groups, were
dominated by the nematodes, which constituted 54% of the total population. The macrofaunal
density in the test site showed a signifiant Increase (x: 400 ind{)m{-2)} in the 4& manths
postdisturbance sampling (x: 320 ind(.}m{-2}}). The population of nematodes and oligochaetes was
nearly restored after 44 months, but the polychaetes and crustaceans did not reach the baseline
populations measured in June 1957. The top 0-2 ¢m sediment layer was severely affected by the
disturber, and the study suggests that physically disturbed deep-sea macrofsuna may require 3
longer period for restoration and resettiement than normally believed.

6573
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BS Ingole, ZA Ansari, V Rathod, N Rodrigues (2001) Respanse of deep-sea macrobenthos to a small-
scale enviranmental disturbance, Deep-Sea Research Part Il - Topical Studies in Oceanography. vol.
48 {16) pp. 3401-3410

To assess the possible effect of nodule mining on deep-ses environment, the Indian deep-sea
enviconment experiment {INDEX) was undartaken in the Indian Basin. The present investigation is a
part of the disturbance and recolonization study. Pre- and post-disturbance sediment samples were
collected from 21 statlons between 10 degrees 01 ' -10 degrees 03 'S and 75 degrees 59 ' -76
degrees 02 'E at water depths of 5300-5350 m to assess the effect of benthic disturbance. There was
a significant change In the composition and biomass of macrofauna after the disturbance. Post-
disturbance vertical profiles indicated a 63% raduction in the numerical count in the top 0-2-cm layer
and high aggregation of macrofauna in deeper {5-10-cm) sediment layer, The impact of the
disturbance was severe, as the mean blomass of macrofauna was significantly reduced in the
disturbed area, probably due to the displacement and /or mortality caused by the benthlc disturber.
hitp://dx.doi.orp/10.1016

Charles Morgan, NA Odunton, AT Jones (1599) Synthesls of environmental impacts of deep seabed
mining. Manne Georesources And Geotechnology. vol. 17 {4) pp. 307-356

A synthesis of environmental data compiled aver the past 25 years is reviewed and organized. We
describe the anticipated activities assoclated with exploration for commercial deposits, with
engineering tests of recovery and mining systems, and with baslc metallurgical processing. Basic
description of the manganese nodule oceanographic environment is presented, including the
occurrence of nodule deposits, relative sediment properties, benthic currents, and biological
community. Environmental impacts from previous studies are summarized. Studies to date support
the original cancerns for environmental impact wentified in the DOMES research, including impact
on the benthic community where nodules are remaved; impacts of the discharged plume on the
near-surface biota; and impacts on the benthos due to depositicn of suspended sediment. Future
studies should address the establishment of quantitative refationships between resedimentad
thickness and benthic community response; integration of mining-related research efforts on
benthic communities; establishment of clear guidelines for monitoring of precommercial mining
test; and comparison of impacts from deep seabed mining with alternative land-based mining
SCENAros.

http:/ftaylorandfrancis com/flink. asprtidemfby2uShy6809155

C Bovowskl, H Thiel {1958) Deep-sea macmfaunal impacts of a large-scale physical disturbance
experiment In the Scutheast Pacific. Deep-Sea Research Part Il - Topical Studies in Oceanography.
vol. 45 (1-3] pp. 55-81

Future human use of the deep sea potentially threatens benthic communities on large spatial and
temporal scales. As a first approach to investigating the effects of large-scale sediment disturbance
from deep-sea mining the environmental risk assessment experiment DISCOL (DiSturbance and
ReCOLonization} was started in 1989 at 4150 m depth in the tropical southeastem Pacific Ocean. A
specially constructed disturber was towed 78 times through a 10.8 km(2) experimental field. The
reestablishment of the impacted macrofaunal assemblages in the disturber tracks, with particular
emphasis on the Polychaeta, was monitored three times over 3 yr. Mean macrofaunal densities (>
500 mu m, 0-5 cm sediment depth range) in undisturbed sediments ranged from 77 to 122.8
inds.70.25 m{2} at the three sampling times. After the impact, the animal abundances in the plow
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tracks were reduced to 39% of undisturbed densities. Polychaeta {48.6% of undisturbed densities)
were kess impacted than Tanaidacea (28.0%), Isopoda (18.5%), and Bivalvia (9.3%). Abundances of
most higher taxa increased rapidly in the tracks, and after 3 yr were comparable to those of
undlsturbed sediments. Dominance shifts in polychaete families level were observed in the early
post-impact phases. Significant displacement of macrafaunal depth distributions after 3 yr indicated
sustained disturbance effects. Single species reactions within the Polychaeta did not allow clear
interpretation of long-term disturbance effects, but Hurlbert rarefaction, used in a nonstandard way,
demonstrated significantly reduced "diversity” after 3 yr. The reestabhshment of a semi-liguid
surface sediment layer is proposed as a potentially controlling factor for the reestablishment of the
macrofaunal community after physical disturbance. Although the DISCOL experiment did not fully
simulate full-scake industrial impacts, it has provided insights into macrofaunal recolonization
following large-scale disturbance of deep-sea environments.

Jung-Ho Hyun, Kee Kim, HS jung, KY Lee (1993) Potential emvironmental impact of deep seabed
manganese nodule mining on the Synechococcus {cyancbacteria) in the northeast equatorial Pacific:
Effect of bottom water-sediment slurry. Marine Georesources And Geotechnology. vol. 16 {2} pp.
133-143

Synechococcus (photoautotrophic cyanobacteria} are among the major primary producers in the
oligotrophic open ocean. Potential environmental impacts of bottom water and sediment intrusion
on the Synechococcus population in the surface water column of the northeast equatorial Pacific
were investigated during the KODOS (Morea Deep Ocean Study} 95-2 cruise. The growth of
Synechoacactus was limited primarily by Fe deficit and secondanly by nitrogencus nutnents Since
bottom water and sediment are abundant in both inorganic nutrients and trace metals, the additlon
of bottom water-sediment slurry to surface water samples stimulated the growth of Synechococcus.
Qur results together with other experimental estimation suggest that certain impacts could occur on
the photoautotrophic plankton blomass in the water column by the surface discharge of bottom
water and sediment during large-scale and long-term commercial mining of Mn nodules. Maore
quantitative estimation for those environmental aspects in the water column is necessary for the
construction of envimnmentally affiliated mining systems In the future,

will Inet2.com/gatew i ion=2&SrcA

H Bluhm, G Schriever, H Thiel (1995} Megabenthic recolonizatlon in an experimentally disturbed
abyssal manganese nodule area_ Marine Georesources And Geotechnology. vol. 13 {3} pp. 393-416

The near total removal of manganese nodules during commercial deep-52a mining will destroy the
habitat of the benthic hard-bottom fauna within the mined areas and result in the formation of a
soft-bottom community of lower diversity In 1989 the first large-scaie and long-term expenment,
DISCOL, was initiated in the abyssal tropkal southeastern Pacific Ocean to study the impact of
disturbances similar to ccean mining on the deep-s¢a fauna. The megabenthic assemblage and the
recolonization of the disturbed area were monitored during three cruises of the German research
vesse] SONNE by use of an Ocean Floor Observation System with real-time TV and “photo.on-
command” capabllities. The results of the Image analyses of the baseline and three postimpact
studies demonstrate not only a direct impact within the disturber tracks, but also an apparent
impact on areas that were not pamarily disturbed. Commercial mining will create 8 sediment plume,
which will drift away with near-bottom currents and also affect animals outside the mined areas.
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Reduction of environmental effects remains an important objective during development of future

nadule collector systems. -
m at LRirGWYersion=285rcAuth=mekentosilSreApp=

pers&DestLinkType=FullRecord &DestApp=WOS&KeyUT=A1995TR45200004





