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EXPERIMENTAL RESEARCH 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
zooplankton, zoobenthos and fish fauna in summer, 2012-2013 are provided in this article. The article also
demonstrates that for assessment of seismic exploration impact, the following is of high indicator value: proportion
of traumatized or dead specimens, the values of Shannon-Weaver diversity index and the value of an average
individual mass of the specimen in hydrocoenosis. 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
Im and 5m from the seismic source. At the same period, a deviation of the Shannon-Weaver diversity index values
and average individual mass of the specimen from background values was recorded in the both communities.
Species composition of fish fauna was characterized by a high level of similarity throughout all stages of the surveys
implemented. The lowest indicators of diversity (number of species, values of Shannon-Weaver index) and fish
numbers were recorded during seismic exploration. An increased average individual mass of a specimen in
ichthyocoenosis together with the reduced numbers during seismic exploration may indicate the avoidance of
unfavorable zone by younger fishes.

Keywords: zooplankton, zoobenthos, fishes, seismic acoustics, pneumatic source, seismic surveys.

An intense seismic exploration aimed at development of oil fields is causing the increased
anthropogenic 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
(background 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
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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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

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].
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Table 1 — Hydrological and hydrophysical indicators on experimental areas
Transpa-rency, o Water Turbidity, Flow rate,
Areas Depth, m m Temperature,’C salinity, %o NTU pH 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.

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
proportion 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.

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

Indicator Backgrf)und Experimental tests After impact
conditions
'number of species 34 29 35
“number of species 19 10 18
'average abundance, thousand spec./m’ 43.5 110.0 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

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.l 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

1 meter
B®block No.1

5 meters
block No.2

10 meters

at different distance from the pneumatic source

During the experimental tests, the dynamics of the second option of the index (bits/mg) was
characterized 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.
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Figure 4 — The dynamics of the Shannon-Weaver index values at different stages

B experimental tests
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of surveys of seismoacoustics impact on zooplankton

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
Zproportion of injured or dead specimens, % 0.5 1.5 0.8
'Shannon-Weaver index, bit/spec. 1.51 0.66 0.80
“Shannon-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
Zaverage individual masse, mg 15.5 17.2 13.7

Note: numerals indicate the corresponding areas

— 72 ——
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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
(Obesogammarus) 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.

6
5

4

Dead species (%)

LB

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

The value of average weight of individual specimens in cenosis was the highest during the
experimental tests.

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).
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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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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).
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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.

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

Indicator Backgrpund Experimental tests After impact
conditions

'number of species 13 8 10

Znumber of species 8 6 9

'average abundance, spec./effort 355 70 312

— 74 ——
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Indicator Backgrpund Experimental tests After impact
conditions

Zaverage abundance, spec./effort 213 112 121
'Shannon-Weaver index, bit/spec. 1.8 1.2 1.6
“Shannon-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

The Shannon-Weaver index recorded during seismic surveys was minimal relative to other stages of
the surveys (Figure 9).
2
1,8 )
1,6 -
1,4
1,2
1
0,8
0,6
0,4
0,2
0
block No.1 bit./speblomnNo.2, bit./specinbdack No.1, bit./mgblock No.2, bit./mg

Shannon-Weaver index

Obackground conditions B during impact after impact

Figure 9 — Dynamics of Shannon-Weaver index values at different stages
of surveys on the effects of seismic operations on the fish fauna

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.

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.

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
Zproportion of injured or dead specimens, % 68.4 39.2 10.5
Note: numerals indicate the corresponding areas
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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

Annoranus. Makanana 2012-2013 >xeuimapasie xkasrsl ke3eHiHme Conrycrik KacmuiiniH 300TUIaHKTOHBIHA,
MaKpO3000CHTOCHIHA JKOHE MXTHO(ayHAChIHA CEHCMOAKYCTHKAIIBIK dCep eTYIiH AKCIEPUMEHTANIBIK JKOHE TaOuFu
3epTTEYJIepiHiH MaTepHasaapsl yceiHbUIFaH. CelicMoOapiay JKYMBICTapBIHBIH ocep eTyiH Oaranay YIIiH jKapakat
ajFaH HeMece OJreH napakrap yieciHid, [IleHHOH-YUBEpAiH OpTYPIAUTIK HWHIEKCI MOHIHIH JKOHE JapaKThIH
THIPOIICHO3IapAarbl OPTaIlla )KEKEe MACCAChIHBIH IIIAMACBHIHBIH CH KOI WHIMKATOPJIBIK MaHbI3ABUIBIFEl 0ap €KEeHIIr1
KOpCETLIreH.

JKapaxkar anraH Hemece eJIreH JapaKTap/blH IIAaHKTOHABI XKoHe CyTy0l OMBIPTKAChI31ap MOMYJISIHsIapbIHaFbI
MaKCHMaJIbl YiIeci MHEBMOKe3/1eH | M. )KoHe 5 M. apakambIKTBIKTa TKIpHOEI ChIHAKTapibl XKYPIizy Ke3eHiHze
TipkenreHn OomaTeiH. byn ke3enze eki Tonranyzna QoHIABIK mamanapaaH llleHHOH-YuBepIiH opTYpiilik MHIEKCI
I1aMasiapbIHBIH XK9HE JapaKThIH OpTallla )KeKe MacCachIHbIH aybITKYbl OalKalbl.

NxTtHodayHaHBIH TYPIiK KYpaMbIHIA 3€pTTEYICPAL KYPri3yIiH OapIiblK Ke3eHAepiHIe KOFaphl Jopekeci 6ap
00JIBl. OPTYPILTIKTIH MUHHMAIIB KepceTkimrTepi (Typiepain casbl, lIleHHOH-YuBep WHAEKCIHIH MOHI) XOHE
OanmBIKTapABIH CaHBI ceificMobapiay >KYMBICTAphIH XKYprizy Ke3iHme OaiikanmraH OonaTeiH. JapaKTapIblH HXTHOIIC-
HO3/JIap/IaFbl OpTailia )KeKe MacCaChIHbIH KO0Oe0l, ceiicMobapiay )KyMbICTapbIH XKYPri3y Ke3iH/e CaHHbIH a3al0bIMEH
Karap, KillIi »KacTarbl OaJIBIKTapAbIH KOJIAHCHI3 allMaKTap/AaH ayJiaK OOIyBIH KyoJaHIbIPYbl MYMKIH.

Tipex ce3ep: 300MJIaHKTOH, 3000€HTOC, OalBIKTap, MHEBMATHUKAIBIK COKKBI KO3/epi, CeHCMUKaIBIK Oapray
KYMBICTapBI.
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3KCIIEPUMEHTAJIbHBIE UCCJEJIOBAHUA CEUCMOAKYCTHYECKOI'O BO3JIEVICTBUSA
HA T'HJPOBUOHTOB CEBEPHOI'O KACIIUA

AHHoOTanus. B crathe mpencTaBieHbl MaTepHaibl SKCIEPUMEHTANBHBIX M HATYpHBIX MCCIEJOBAaHUI celcMo-
aKyCTHYECKOTO BO3/ICHCTBHUS Ha 300IUIAHKTOH, 3000eHTOC M uxTHOdayHy CeBepHoro Kacmusi B JeTHHH nepHon
2012-2013 rr. IToka3aHo, 4TO AJIsl OLEHKU BIMSHHS CEHCMOpa3BeIOYHBIX PaOOT HaUOOJIBIIYI0 HHIMKATOPHYIO 3Ha-
YUMOCTb UMEIOT JI0JIs1 TPABMUPOBAHHBIX MJIM MEPTBBIX 0co0ei, 3HaueHus MHAeKca pasHooOpasus lllennona-YuBepa
W BEIMYHMHBI CPEeIHEH WHAMBUIyalbHOH Macchl 0cOOM B TMApOIEeHO3aX. MakcHMalbHasl J0JISI TPaBMHUPOBAHHBIX
W/WIA MEPTBBIX 0Cc00EH B MOIYIAMMAX INIAHKTOHHBIX M JOHHBIX OCCITO3BOHOYHBIX ObLTa 3a(MKCHUPOBAHA B IIEPHOJ
MIPOBEACHUS ONBITHBIX HCIBITAHWHA HAa PACCTOSHUHM | M M 5 M OT IMHEBMOWCTOYHHKA. B 3TOT ke mepmop Habiro-
JTAJIOCHh OTKIIOHEHHUE 3HAYCHNH HHIEeKca pa3HooOpasus LlleHHoHa-YUuBepa u cpeqHel HHANBHAYaTbHONW MacChl 0coon
B 000mx coobmiecTBax oT (POHOBBIX 3HAUEeHUH. BumoBoii coctaB mxTnodayHbsl IMe BRICOKYIO CTEIICHb CXOJCTBA Ha
BCEX JTamax IPOBEAEHHs HCCIECIOBaHMHA. MUHMMAalbHBIC IIOKa3aTeNu pPa3HOOOpasusi (YMCIO BHUIOB, 3HAYEHMS
unnekca llleHHOHa-YuBepa) W YHCIEHHOCTH DPHIO OBUTM OTMEYEHBI BO BpEMs NPOBEICHUS CEHCMOpPAa3BEIOYHBIX
pabort. YBenuueHne cpeJHel MHANBUYyaIbHOW MacChl 0COOU B MXTHOLIEHO3aX, HApSAY CO CHHXKEHUEM YHCIICHHOCTH
BO BpEMs MPOBEACHHUS CEHCMOPA3BEIOYHBIX PadOT, MOXKET CBHICTECILCTBOBATh 00 M30EraHWU pPhIOAMH MITAIIINX
BO3pPAcTOB HEOIArONPHUSATHON 30HBI.

Ki1roueBble ¢J10Ba: 300IUIaHKTOH, 3000€HTOC, NXTHO(ayHa, THEBMOMCTOYHHUK, ceiicMOpa3BeJOYHbIe pabOTHI.
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