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EXPERIMENTAL SURVEYS OF SEISMIC-ACOUSTIC IMPACT
ON THE NORTH CASPIAN AQUATIC ORGANISMS

Abstract. Materials of experimental and field surveys of seismic-acoustic impact on the North Caspian zoo-
plankton, zoobenthos and ichthyofauna in summer, 2012-2013 are provided in this article. The article also demon-
strates that for assessment of seismic exploration impact, the following is of high indicator value: proportion of
traumatized or dead specimens, the values of Shannon-Wiener diversity index and the value of an average individual
mass of the specimen in hydrocoenoses. The highest proportion of the traumatized and/or dead specimens was
recorded in plankton and benthic invertebrates populations in the course of experimental tests at a distance of 1m and
5m from the seismic SP. At the same period, a deviation of the Shannon-Wiener diversity index values and average
individual mass of the specimen from background values was recorded in the both communities. Species compo-
sition of ichthyofauna was characterized by a high level of similarity throughout all stages of the surveys imple-
mented. The lowest indicators of diversity (number of species, values of Shannon-Wiener diversity index) and fish
numbers were recorded during seismic exploration. An increased average individual mass of a specimen in ichthyo-
coenoses together with the reduced numbers during seismic exploration may indicate the avoidance of unfavorable
zone by younger fishes.

Key words: zooplankton, zoobenthos, fishes, seismic acoustics, air gun, seismic surveys.

An intense seismic exploration aimed at development of oil fields is causing the increased anthro-
pogenic load on the entire Caspian Sea ecosystem [1]. Currently published data on assessment of seismic-
acoustic impact do not present the level and scope of its effect on various groups of aquatic organisms
constituting the relevance of this article [2-8].

Experimental study of seismic-acoustic effects on aquatic communities was implemented in two
North Caspian areas (Figure 1) in June, 2012 and August, 2013. Three studies — before impact (back-
ground level, stage 1), during pneumatic source impact (experimental tests, stage 2) and after completion
of seismic exploration impact (stage 3). To evaluate the impact of seismic acoustic effects on behavioral
response of fish fauna, the composition and quantity of bento-pelagic fish communities were studied
throughout all stages of seismic surveys.

Selection and processing of zooplankton, zoobenthos and fish fauna samples were performed using
standard methods [1-5]. At all stages of the surveys, proportion of injured and/or dead specimens was
studied in the populations of plankton and benthic invertebrates.

During experimental tests, cages with the fish and zooplankton samples caught in advance were
placed at the depth of 3-4 m and at a distance of 1 m, 5 m and 10 m from the pneumatic source (Figure 2).
In order to maintain the relative accuracy in the distance between the pneumatic source and cages setting
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Figure 1 — Layout of test sites according to the assessment of the impact seismic survey on the North Caspian aquatic organisms
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Figure 2. Scheme of the location of stations to study the impact of seismoacoustics on aquatic organisms

points, a seismic-acoustic excitation signal was performed by the pontoon device towed by shooter at the
time of its passage through the reference buoy. Sediment samples with zoobenthos were collected on
reference stations within 15 minutes after the pneumatic source seismic acoustic signals.

Hydrological and hydro-physical parameters were registered simultaneously with the experimental
tests.
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The experimental areas were characterized by shallow depths with similar hydrophysical and
hydrochemical characteristics (Table 1). The sediments were presented by terrigenous sediments with
sand fraction dominated (76.5-54.6%) (0.05-1.0 mm) [6].

Table 1 — Hydrological and hydrophysical indicators on experimental areas

Arcas Depth, Transparency, Temperature, Water Turbidity, H Flow rate,
m m °C salinity, %o NTU p m/sec
Area No.1, June 2012 6.5 1.0 26.6 5.1 9.06 7.7 9-11
Area No.2, August 2013 5.1 0.7 24.8 6.0 8.9 8.4 7-13

The diversity of zooplankton was ranged from 23 to 50 taxa. The background was typical of the
Caspian Sea species: rotifers Brachionus quadridentatus, B. plicatilis, Filinia longiseta; cladocerans
Cornigerius maeoticus hirsus, Podonevadne camptonyx, P. angusta, P. trigona, Cercopagis pengoi;
copepods Acartia tonsa, Calanipeda aquedulcis: larvae Cirripedia, Bivalvia, Hediste diversicolor; crab
Rhitropanopeus harrisi. The composition of the background species preserved substantial similarity
throughout all stages of the surveys.

The number of species of planktonic invertebrates and their total number in the background
conditions and after impact were characterized by the same or similar values (Table 2). During the
experimental tests, a low diversity and deviation of zooplankton abundance from the values obtained in
stages 1 and 3 was according to the survey methodology — staying of experimental communities in
isolated cages.

Table 2 — Structural indicators of the North Caspian zooplankton at various survey stages

Indicator Background conditions Experimental tests After impact
'number of species 34 29 35
“number of species 19 10 18
'average abundance, thousand spec./m’ 435 110.0 53.9
Zaverage abundance, thousand spec./m’ 95.6 31.0 71.7
'proportion of injured or dead specimens, % 0.5 10.8 0.7
'Shannon-Weaver index, bit/ spec. 2.12 1.84 2.14
“Shannon-Weaver index, bit/ spec. 1.94 2.36 1.86
'Shannon-Weaver index, bit/mg 1.88 2.32 2.05
“Shannon-Weaver index, bit/mg 0.74 0.44 1.27
'average individual masse, mg 0.0051 0.0045 0.0051
Zaverage individual masse, mg 0.0540 0.0100 0.0470
Note: numerals indicate the corresponding areas.

Relative indicators have most indicator significance — the proportion of injured or dead specimens,
the values of diversity index of Shannon-Weaver and average individual weight of specimen. The propor-
tion of injured or dead specimens in the plankton populations of invertebrates at the background level, and
after the impact was approximately the same, or lowers than at the time of impact seismoacoustics.
The incidence of dead and/or injured specimens of copepod Calanipeda aquedulcis and Acarcia tonsa at
all stages of the surveys was close in value to the other species, except for H. diversicolor polychaete and
B. plicatilis rotifers, incidence of dead and/or injured specimens was higher during impact.

Analysis of the spatial distribution showed that the proportion of injured and/or dead planktonic
invertebrate species was highest at a distance from the pneumatic source from 1 to 5 m. At a distance of
10 meters, it decreased with varying intensity, but did not reach background values (Figure 3).

The dynamics of the Shannon-Weaver index at each area had its own characteristics (Figure 4). The
values of the indicator, according to the number of types of proportion in the total population (bits/sp.), in
the background period and after the impact of seismic operations on both areas did not differ. Thus, during
the experimental tests, the index value recorded in the area No.1 has decreased, and in the area No.2, in
contrast, has increased with respect to the other two stages.
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Figure 3 — Changes in proportion of injured and/or dead specimens
in zooplankton at different distance from the pneumatic source

During the experimental tests, the dynamics of the second option of the index (bits/mg) was charac-
terized by opposing trends: in the area No.1, it was positive, and in the area No.2, it was negative. At the
same time, the indicator of relative background level was slightly higher than it was recorded after the
impact completion.

2,5

N

Shannon-Weaver index

block No.1 bit./speoinednNo.2, bit./specithbock No.1, bit./mglock No.2, bit./mg

Obackground conditions ~ Bexperimental tests after impact

Figure 4 — The dynamics of the Shannon-Weaver index values at different stages of surveys of seismoacoustics impact
on zooplankton

In both areas, the average mass of zooplankton decreased significantly in the period of impact and
returned again to the background one or close to background values after completion.

The diversity of zoobenthos varied in the areas ranging from 16 to 26 species. The background was
typical of the Caspian Sea species: worms Hediste diversicolor, Oligochaeta gen. sp, molluscs Abra ovata,
Cerastoderma lamarcki; crustaceans Stenocuma gracilis, S. graciloides, Pontogammarus (Obesogam-
marus) obesus, and insect larvae.

The diversity and abundance of zoobenthos at various stages of surveys changed irregularly (Table 3). It
can be explained by aggregation of distribution of benthic organisms. Proportion in the total number of
benthic cenosis of dead and/or injured specimens was higher during the experimental work, with close
values of the index recorded in background conditions and after impact of seismic exploration.

The proportion of dead and/or injured specimens in the populations of benthic invertebrates was
highest in close proximity to the pneumatic source (Figure 5). The value of index decreased with the
increasing distance from the source of impact, and at the same time, at a distance of 10 m, it remained
above background levels.

The value of average weight of individual specimens in cenosis was the highest during the
experimental tests.
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Table 3 — Structural indicators of the North Caspian zoobenthos at various survey stages

Indicator Background conditions Experimental tests After impact
'number of species 20 14 13
“number of species 14 15 10
'average abundance, thousand spec./m’ 1862 1810 1300
Zaverage abundance, thousand spec./m’ 887 961 1294
!proportion of injured or dead specimens, % 1.8 2.6 1.9
%proportion of injured or dead specimens, % 0.5 1.5 0.8
'Shannon-Weaver index, bit/spec. 1.51 0.66 0.80
2Shannon-Weaver index, bit/spec. 0.96 1.09 1.02
'Shannon-Weaver index, bit/mg 1.17 0.60 0.88
Shannon-Weaver index, bit/mg 0.74 0.73 0.62
'average individual masse, mg 7.75 12.8 8.90
%average individual masse, mg 15.5 17.2 13.7
Note: numerals indicate the corresponding areas.

Dead species (%)

background 1 meter 5 meters 10 meters
Bblock No.1 Eblock No.2

Figure 5 — Change in proportion of dead and/or injured specimens

in the populations of benthic invertebrates at different distances from the pneumatic source
1,6
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block No.1 bit./speblomnNo.2, bit./specirthéack No.1, bit./mgblock No.2, bit./mg
Obackground conditions  Bexperimental tests after impact

Figure 6 — The dynamics of the Shannon-Weaver index values at different stages of the surveys
of the impact of seismic acoustic zoobenthos
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The dynamics of Shannon-Weaver index values across the sites varied irregularly, but in all cases, a
deviation of indicator from the background value and from the values obtained during the period after the
end of impact was recorded (Figure 6).

Fish fauna was presented by 11-13 bento-pelagic species. The composition of background species
include dried fish (Rutilus rutilus), sprat (Clupeonella cultriventris), silverside (Atherina boyeri caspia),
steers — Neogobius melanostomus, Mesogobius gymnotrachelus macrophth, Neogobius caspius. At the
same time, species composition of fish fauna had a high degree of similarity throughout all stages of
surveys (Figures 7, 8).

Sl |
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| €35
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80 70 80 90 100
Similarity, %
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Figure 7 — Dendrogram of similarity in species composition of the fish fauna in area No.1

60 70 80 90 100
Similarity, %

A —before impact, B — during impact, C — after impact

Figure 8 — Dendrogram of similarity in species composition of the fish fauna in area No.2

The number and variety indicators of bento-pelagic ichthyocenosis during the seismic operations at
both areas were lower compared to background levels and stages after impact (Table 4). Changes of
ichthyocenosis structure during the seismic survey were accompanied by a relative increase of average
weight of individual specimen.

The Shannon-Weaver index recorded during seismic surveys was minimal relative to other stages of
the surveys (Figure 9).

At the stage of experimental tests, in the populations of bento-pelagic fish species the proportion of
traumatized specimens decreased with distance from the pneumatic source (Table 5, Figure 10). On the
area No.l, the value of this indicator for all experimental stations was higher by more than 1.5 times,
compared to the area No.2.

— 10 ——
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Table 4 — The structural indicators of fish fauna (bento-pelagic communities)
of the Northern Caspian Sea at various surveys stages

Indicator Background conditions Experimental tests After impact
'number of species 13 8 10
“number of species 8 6 9
'average abundance, spec./effort 355 70 312
Zaverage abundance, spec./effort 213 112 121
'Shannon-Weaver index, bit/spec. 1.8 1.2 1.6
2Shannon-Weaver index, bit/spec. 1.45 1.12 1.51
'Shannon-Weaver index, bit/mg 1.45 1.13 1.29
“Shannon-Weaver index, bit/mg 1.40 0.98 1.41
'average individual masse, mg 6.1 6.9 5.6
Zaverage individual masse, mg 6.3 7.3 6.9
Note: numerals indicate corresponding areas.
2
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Figure 9 — Dynamics of Shannon-Weaver index values at different stages of surveys
on the effects of seismic operations on the fish fauna
Table 5 — Average fish fauna injury during experimental tests
) Distance from pneumatic source
Indicator
1 meter 5 meters 10 meters
!proportion of injured or dead specimens, % 333 133 0.0
“proportion of injured or dead specimens, % 68.4 39.2 10.5

Note: numerals indicate the corresponding areas.

Thus, our experimental and field studies have shown that, for assessing the impact of seismic
operations, the relative indicators — the proportion of injured and/or dead specimens, the values of
diversity index of Shannon-Weaver and the size of the average individual weight of specimens in
hydrocenoses have the greatest significance to the indicator. The maximum proportion of injured and/or
dead specimens in the populations of plankton and benthic invertebrates, as well as the deviation of the
values of diversity index of Shannon-Weaver and average individual weight in both communities from
background values were recorded during the experimental tests in close proximity to the pneumatic

source.
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Figure 10 — Change in the proportion of dead specimens
in zoobenthos populations at different distance from the pneumatic source

In the absence of differences in the species composition of fish fauna in various stages of surveys, the
minimum diversity and abundance of fish have been observed during the seismic survey. The increase in
the average weight of specimens in ichthyocenosis, along with a reduction in numbers during the seismic
survey may indicate avoidance of unfavorable zone by younger fishes. This group of aquatic organisms is
the most mobile and during the entire seismic surveys can quickly leave the water area with irritating
physical influences (noise, vibration, etc.), which is confirmed by the dynamics of structural indicators of
ichthyocenoses. Also important the fact that larger specimens that are less susceptible to the effects of
seismic acoustic stay in the area of the seismic operations. Similar examples in the behavioral response of
fish observed in materials of other experimental studies on assessment of the impact of seismic sources on
aquatic organisms [7-9].

Our results enable us to conclude that in conducting seismic surveys, the representatives of bento-
pelagic ichthyocenos are subject to an insignificant impact, which is not reflected in terms of their natural
life. Planktonic and benthic invertebrates with relatively low levels of mobility are at a significant risk of
injury directly in the area affected by pneumatic source.
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COJITYCTIK KACITA AKBATOPUSICBIHJIAFBI THIPOBUOHTTAP/IbIH
CEUCMOAKYCTHUKAJIBIK OCEPIH DOKCIIEPUMEHTTIK 3EPTTEYJIEP

AnHoranusi. Makaigaga 2012-2013 sxeuimapabi sxasrsl Ke3eHiHae Courrycerik KacnuiifiH 300MTaHKTOHBIHA,
MaKp03000€HTOCHIHA JKOHE MXTHO(ayHAChIHA CEHCMOAKyCTHKAJBIK dCep €TYAIH SKCHEPUMEHTANbIK JKOHE TaOUFU
3epTTeyJiepiHiH MaTepHangapbl ycbiHbuiraH. CelicMoOapiay >KYMBICTapbIHBIH ocep eTyiH Oaranay YIIiH jKapakar
ajifaH HeMecCe OJIreH JapakTap yJeciHiH, [IIeHHOH-YUuBepaiH opTYpIIiliK HHIECKCI MOHIHIH JKOHE NapaKThIH THAPO-
neHo3aapaarbl opTalla JXCKE MaCCAaChbIHbIH IIaMAaCbIHbIH €H KOII MHAUWKATOPJIBIK MaHbI3IblIbIT bl Gap eKeHZ[iFi Koep-
CETLITEH.

JKapaxkar airaH HEMece JITeH JapaKTap/IblH IIAHKTOH/IBI XaHE CyTY0l OMBIPTKACKI31Ap MOMYJISHSIaPbIHIAFbI
MaKCHUMAJIBI YJIeCi THEBMOKO3/ICH | )KOHE 5 M apaKallIbIKTBIKTa TOXKIpUOEeTi ChIHAKTaP.IBI XKYPri3y Ke3eHIHE TipKe-
reH OonateiH. By ke3eHnme eki tonraHyna (GOHIBIK mamanapaaH llleHHOH-YUBepAiH OpTYPIUIIK HMHICKCI mama-
JIAPBIHBIH KOHE JAPAKTHIH OPTAallla JKEKEe MaCCAChIHbIH aybITKYbl OailKasIbl.

NxTtuodayHaHblH TYPIIK KYpaMbIHAa 3€pPTTEYJIEpl KYPri3ydiH OapIiblK Ke3eHIEPiHIe KOFaphl Jopexeci 0ap
007116l OPTYPIILIIKTIH MUHUMAIABI KOPCEeTKIimTepl (Typiepain caubl, [lleHHOH-YUBEp MHICKCIHIH MOHI) KoHE 0a-
JIBIKTap/IbIH CaHbl ceificMoOapiiay JKYMBICTApbIH XKXYPridy Ke3iHjae Oaiikanran OonareiH. J[apakTapblH MXTHOLIEHO-
3[ap/iaFbl OpTallla JKeKe MacCachbIHbIH Ke0eri, ceficMobapiiay jKYMBICTApbIH JKYPri3y Ke3iHIe CaHHbBIH a3arobIMEH
KaTap, Killll )KacTarbl OaJIbIKTap/IbIH KOJIaHChI3 alilMaKTap/iaH ayJakK OOJybIH KyaJIaHIbIPYbl MYMKIH.

TyiiiH ce3mep: 300MIaHKTOH, 3000€HTOC, OaJbIKTap, ITHEBMATHKAJIBIK COKKbI KO3/epi, CeHCMHKAIBIK Oapiay
JKYMBICTAPBI.
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3KCHEPUMEHTAJBHBIE UCCJIETOBAHUS CEHCMOAKYCTHYECKOI'O BO3JIECTBUA
HA THIPOBUMOHTOB CEBEPHOI'O KACIIHA

Annotanus. [IpeactaBneHsl MaTeprabl SKCIIEPUMEHTABHBIX W HATYPHBIX MCCIIEIOBAHMNA CEHCMOaKyCTHIEC-
KOTO BO3AEUCTBHS Ha 300TUIAHKTOH, 3000eHTOC N nxTHOdayHy CesepHoro Kacmus B netnuit nepuon 2012-2013 rr.
ITokazaHo, 4TO [UIsl OLIEHKH BJIMSIHUS CEHCMOPA3BENOYHBIX pab0T HAaHOOJBIIYI0 HHINKATOPHYIO 3HAYUMOCTh UMEIOT
JOJI TPaBMHUPOBAHHBIX WM MEPTBBIX 0coOel, 3HayeHHs MHAeKca pa3sHooOpasus llleHHOHa-YuBepa M BEIMYHHEI
cpeaHeil MHIUBHIYAILHON Macchl 0COOM B THAPOLICHO3ax. MakcuMaibHas JOJIs TPaBMUPOBAHHBIX W/MIM MEPTBBIX
oco0eil B MOMyJsIIMSAX TUIAHKTOHHBIX M JIOHHBIX OECII03BOHOYHBIX ObLIa 3a()MKCHpPOBAHA B MEPUOA ITPOBEICHUS
OIBITHBIX MCHBITAHUH HA PACCTOSIHUU | ¥ 5 M OT MHEBMOMCTOYHMKA. B 3TOT ke mepnoj HaOI0Aa10Ch OTKIIOHEHHE
3HaueHMH MHJeKca pazHooOpasus IllenHoHa-YuBepa u cpeaHeil HHANBUIYaIbHOW MacChl 0co0H B 000MX cooOlIIecT-
Bax OT (OHOBBIX 3HaUeHNH. BUoBOI cocTaB nxTHogayHbl HMeN BHICOKYIO CTEIIEHb CXOCTBA Ha BCEX ATarax MpoBe-
JIeHNs1 WccleioBaHnid. MHUHMMalbHBIE ITOKa3aTesd pa3sHooOpasusa (YMCiIo BHUAOB, 3HaueHWs WHAekca lllenHoHa-
YuBepa) U YUCICHHOCTH PHIO OBUIM OTMEYEHHI BO BpeMs MPOBEACHUS CeHCMOpPa3BENOYHBIX paboT. YBEIWYeHHE
CpemHell MHANBUIyalbHONH Macchl 0COOM B MXTHOIEHO3aX, HapsAy CO CHIDKEHHEM UYHCICHHOCTH BO BpEMs IPOBeE-
JIEHUsT CeCMOpa3BeIOYHBIX PabOT, MOXKET CBHJETENBCTBOBATh 00 M30eraHWy phldaMHM MIIAIIIAX BO3pPACTOB He-
0JTaroMPUSATHON 30HBI.

KiroueBsble cj10Ba: 300IUIaHKTOH, 3000€HTOC, HXTHO(ayHa, THEBMOMCTOYHHK, CeiicMOpa3BeouHbIe paboThI.
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