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Responses of sandy beach nematodes to oxygen deficiency: microcosm

experiments
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1 College of Marine Life Science, Ocean University of China, Qingdao 266003 , China
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Abstract: The community structure and vertical distribution of the nematode fauna in relation to oxygen deficiency, and
their ability for recovery after re-establishment of normal oxygen conditions, were investigated in laboratory microcosms.
Perspex cores of sediment (i.d 2.9cm) were collected to a depth of 5 ¢cm from the sandy beach in the Huiquan Bay,
Qingdao (China) in November 2009, and incubated in laboratory microcosms. The vertical distribution of nematodes was
examined in response to sediment inversion in these cores with the presence of an air-flushed silicone tube introducing
oxygen to the sediment layer (laboratory microcosm I ). Three cores were directly filled with fresh sea water and
continuously aerated. This was the control treatment. In three other cores, the sediment was first turned upside down,
imposing anoxic conditions on the original surface sediment ( referred to as the upside down treatment). Following an
incubation of 1 week, peak densities of nematodes were recorded in the surface sediment in cores with oxygenation. This

suggests that oxidized sediments provided favorable conditions for nematodes and indicated that these nematodes may migrate
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in the sediment as a response to low oxygen conditions. Observations on the species level suggested that vertical migrations
of nematodes are in some cases species-specific. Pseudosteineria spl and Rhynchonema spl might avoid low oxygen
condition by migrating into the oxidized sediment, while Thalassironus spl could survive the reduced oxygen conditions and
was found in high density in the bottom sediments with low oxygen. In laboratory microcosm II', community structure of
nematodes was examined in response to anoxic conditions without the presence of an air-flushed silicone tube introducing
oxygen to the sediment layer. Surface (0—2 cm) sediments were collected on March 2010 from the studied site at low tide
and these layers of sediment were incubated in perspex jars (i.d. 11.5 cm; height 8.5 cm). All jars were directly filled
with fresh sea water and sealed tightly. The controls were flushed with air and the anoxic treatments were not flushed
throughout the incubation. All treatments were incubated for 14 days. In another treatment, four jars were made anoxic for
14 days and subsequently reoxygenated with air for 10 days to examine the nematodes ability for recovery when normal
oxygen conditions were re-established. The final densities of nematodes and of the dominant species were assessed. After
anoxic incubation, nematode density and biodiversity was reduced and community structure changed. Survival in anoxic
conditions was species-specific. Pseudosteineria spl was sensitive to anoxic conditions and might emerge into the water
column and colonize sediments after re-establishment of normal oxygen conditions. Daptonema sp3 was quite sensitive while
Daptonema spl , both adults and juveniles, was more tolerant to anoxic conditions, with its density increasing in anoxic
conditions and becoming the most dominant species. Nematode density and biodiversity increased after reoxygenation of
anoxic sediment. The densities and reproduction of Neochromadora spl and Spilophorella spl increased quickly after oxygen
restoration in anoxic incubations. This suggests that these 2 species might act as opportunistic species. However, nematode

community structure was not restored and such restoration may need a longer time.

Key Words: oxygen deficiency; free living nematodes; microcosm; community structure ; vertical distribution
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Fig. 1 Schematic of the experimental set-up
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92.5% —96.9% . BFAMGE IR (F) /NEU A 3h 4 2 5 ol (814. 42 +£171.74) A~/10em®; IE BRI (C) FJFEH
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Z 5 I BE I (ANOVA, P>0.05) , KB, SCEa A 306/ N 3 ) 5 F BE RS A B3

1 PMEEHENMEEBEREEE/(1/10cm?)

Table 1 Abundance of main meiofauna groups

Lg Do giiay IEEXTH C BlE R U
Field situation Control treatment Upside down treatment

14 Mean STDEV V45 Mean STDEV -1 Mean STDEV
2 i Nematoda 780. 08 162.16 629.62 111.23 1083.03 523.59
B I Copepoda 6.56 2.31 13.13 7.77 14.14 14.07
% T2 Polychaeta 0.50 0.87 0.50 0.87 2.02 2.31
IFEA Bivalvia 0.00 0.00 0.00 0.00 2.02 2.31
A2 Ostracoda 0.00 0.00 8.08 6.31 7.07 8.61
%iii J£2¢ Amphipoda 1.01 0.87 0.50 0.87 0.00 0.00
3 H Cumacea 0.00 0.00 1.01 1.75 0.00 0.00
iR 1 Turbellaria 0.50 0.87 1.01 0.87 1.01 0.87
Ji B H Gastrotricha 0.00 0.00 0.00 0.00 0.00 0.00
K126 Cladocera 7.57 1.51 4.54 4.01 4.04 5.73
Y Tardigrada 1.51 1.51 0.00 0.00 0.50 0.87
HAB2ERE Other groups 16. 66 12.12 22.22 6.83 7.57 6.61
INENEA ZH4) Meiofauna 814.42 171.74 680. 62 126. 64 1121.40 547.24

/N A S YA B A A SRR A S R IEE

T, 200 o/
A HRLL C/NEHIZIYITE 0—1 em Al 1—2 em )i S £ 1500 DHA
% FEMRENSTTRD . JUHPRE SISt S 2700 @ﬂ o
H/NRY A S W) 10 50 AR R 1E T I 2 22 5% (ANOVA, P> # 0 ‘
F C U
0.05;1%3), BIELMA U /NS YEE A S A Treatment
T B 4 > S| FEL VY 25 il B
MIRALA L (P>0.05) o (AR, fHAHE R 2 U Ab3E B2 ZEESEIFMRBAF EEXNRA CMEBLEA
0—1 cm J2 (CLITFIRATIY 4—5 em) /INRWISII B E v mrsEnmes
Fi*ﬂ@&%ﬂingig ﬁ% _l%:F‘XTJ' ,Eﬁ 2ﬂ( ANOVA y i’{] P< Fig.2 Total meiofauna abundance for the field situation (F),
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I(P>0.05) . HoAlods J NG R M S ) T g P2 shy o jip Laboratory mierocosms T (mean values = s.¢.)
1E U A5 C AR ZERIARE (P>0.05)
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4—5 cm JZ (LR HERT 0—1 em 2) BN FEH

UL 0—1 cm F14—5 om JRIGHRL R BEATMRA WM, £ 2 51 T F.C MU A B BIR
0—1 em 1 4—S5 em JZFFELAMBER P IOEUREAFN . FAIRIZ (0—1 cm) 1 4—5 em ZLR AR 2 545
K:4—5 em JZL R ZREMEAR, UK Metadesmolaimus spl F1 Microlaimus spl, WifER)E, LR K,
Pseudosteineria spl F1 Metachromadora spl RN IALFEFN, ZIEL KR W, RIZH 4—5 cm JZ 20 B HEF
R ERA R E (K 2) . U4, Pseudosteineria spl \ Metadesmolaimus spl 5 Rhynchonema spl BERE
(SLETFIRAIM 4—5 cm 2) B EEWPLEF . Pseudosteineria spl .Rhynchonema spl 520X B 3 2 (140 3

http ; //www. ecologica. cn



13 4] HEIR A DT TEDA 1 Pl A 9 VA2 X il L 4 ) o ——— ol B 52 4 A S R 3979

F B Abundance/(4~/10cm?)
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Fig. 3 Vertical distribution of meiofauna abundance ( mean values + s. e. )
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Fig.4 Vertical distribution of main groups of meiofauna abundance
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i, 7(240.59 = 4.99) A~/10em’ ([ 5) , T, ML R FEE K (405,53 + 211.58) 4~/10em’ ;0 X REFJE N
(390.38 + 124.08) 4~/10cm”; R &b B A Hy (437. 63 + 20.53) /10em®; A &b FH 3 FF 5 AI%, Jy (237. 05 +
8.22) 4 /10em* ([ 5) .

R2 TEIE BFERRENFEE(%) RS LR SIEFFEL RN EE>5%)

Table 2 List of species >5% in any single layer, average total number of species and the species diversity in Laboratory microcosms I

LIg/Soyiay EEXE C s LR U
Field situation Control treatment Upside down treatment
0—1lcm 4—>5cm 0—1lcm 4—>5cm 0—1lem 4—>5cm
Metadesmolaimus spl 0.0 87.5 39.5 22.5 21.8 10.0
Rhynchonema spl 0.0 0.0 11.6 7.5 19.0 5.0
Chromadorita spl 0.0 0.0 9.3 0.0 0.0 0.0
Pseudosteineria spl 39.6 0.0 9.3 5.0 23.4 15.0
Viscosia spl 0.0 0.0 9.3 17.5 0.0 5.0
Bathylaimus spl 0.0 0.0 7.0 7.5 7.3 0.0
Trichotheristus spl 0.0 0.0 7.0 0.0 7.7 15.0
Microlaimus spl 8.3 12.5 4.7 0.0 6.9 5.0
Thalassironus spl 0.0 0.0 0.0 27.5 0.0 20.0
Chaetonema sp2 0.0 0.0 0.0 5.0 0.0 0.0
Metachromadora spl 14.6 0.0 0.0 5.0 0.0 0.0
Oncholaimus spl 6.3 0.0 0.0 0.0 0.0 0.0
Spilophorella spl 6.3 0.0 0.0 0.0 0.0 10.0
Neochromadora spl 0.0 0.0 2.3 0.0 5.6 0.0
Cobbia spl 0.0 0.0 0.0 0.0 0.0 10.0
Promonhystera spl 0.0 0.0 0.0 0.0 0.0 5.0
FhEL Total number of species 14 2 9 9 17 10
SRR 1
Sghifnﬁ(f:-ﬂ‘)fﬁizener diversity index H’ 2.08 0.38 1.88 1.93 2.11 2.18
WPANKEIA T, USRS RALE IR O 40, oo .
VIV TR 2 0 A PR ok E R B R 58 S T T PR
(ANOVA, P>0.05) KU PIL & I AR B ABE € 2 30
BUTEFS& I BREALER A /N TS BRI LR & 100 | ‘ | |
F B AR TBEEXT B4 O F1 T,(ANOVA, P<0.05), © iy #40 A AR
S5 Ab PR Treatment
TESLSEAL TR R /N JEEAT 3l ) B 9B P 2 R SR BE RS
5T, X 0 225 A W3 (ANOVA, P>0.05) HS5 EMHEBRBEASRNRMHNEE

ﬁﬁﬁ%;’é%%@ﬁ?ﬁﬂl 23 /I\ﬁﬁﬁ:}"%'éi'ﬁ:ﬁﬁo Fig.5 Total nematode and meiofauna abundance for the field
S T, FIPERAIE O P Az 17 A 16 i, B situation T, , the oxygenated control (0), the anoxic treatment
A IS SAACEE R ¥ 15 B, T, FIMEERTIR O kil
REVE ZREVER R IR RAFARBL(R 3)  BREALHE A HEVE
28 L ZREVERRAIL , Daptonema spl WA AEH R (53.6% ) . B, L R ZRAERE N, Bk Daptonema spl
A1, Spilophorella spl , Paramonhystera spl %5 iR e 2RI HEFN . X2 OIS 72 FKE 34T Cluster 78T,
AR RIS (RT3 T 1 8 73, e 4 A2 BRI 52 S Kb B 2 R 9 AR LR 3K 76.89% , 5 T, 1L 480 X08 HEAH DL 1R A1
(K6).

FARIPE T 43 L 43 BT (SIMPER ) 45 R R W] B4 A B4 R A3 5 400 R C 4 ) i1y 22 5 E 22 A il
Pk 5, Horp Daptonema spl  Spilophorella spl Neochromadora spl 7584, 2 AN HE ) =5 1 I8 2 = Tt

(A) and the reoxygenated treatment ( R) (mean values + s.e. )

http ; //www. ecologica. cn



13 18] HEIR A DR B 1 Pl A 3 TP SR X il S P I 1 ——— ol B 32 4 A A RIS 3981

X B ;1T Pseudosteineria spl A1 Daptonema sp3 FFEFEHLE N BRAH =5 (2 4)

#3 ZEIWNEFERENEE (%) LB (FIEFELIAHNFEE>5% )
Table 3 List of nematode species >5% for the field situation T, the oxygenated control (O), the anoxic treatment (A) and the reoxygenated

treatment (R)

¥F4h T, X0 A A R
Field situation Oxygenated control Anoxic treatment Reoxygenaled treatment

Chromadorita spl 6.3
Daptonema spl 6.0 10.3 53.6 28.6
Daptonema sp3 14.5
Metadesmolaimus spl 12.5 9.0 5.6
Neochromadora spl 8.3
Paramonhystera spl 10.1 18.6 10.9 12.7
Pseudosteineria spl 21.4 15.2 8.7
Rhynchonema spl 6.5 12.4 6.0
Spilophorella spl 12.5 7.6 9.4 17.5
Theristus spl 6.5
Trichotheristus spl 13.1
AL Total number of species 17 16 15 15
ZRAEIRECH 2.35 2.25 1.70 2.17

Shannon-Wiener diversity index H’

&4 iBiFLH SIMPER REMAEE S T4 R (B 90% )
Table 4 Summary of nematode community SIMPER results (a cut-off of 90% was used )

S5 Specien BAGAINO  BRALI A e BRATIR O SRR R sk
Oxygenated Anoxic Contribution% Oxygenated Reoxygenated Contribution%

FHE R

Average dissimilarity% 49 49 37 37

Daptonema spl 15 103 53.33 15 72 39.31

Pseudosteineria spl 22 3 11.52

Daptonema sp3 21 9 7.27 21 8 8.97

Rhynchonema spl 18 7 6.67

Spilophorella spl 11 18 4.24 11 44 22.76

Paramonhystera spl 27 21 3.64 27 32 3.45

Chromadorita spl 6 12 3.64

Bathylaimus spl 0 4 2.76

Microlaimus spl 2 5 2.07

Neochromadora spl 5 21 11.03

LL Daptonema spl | Spilophorella spl , Neochromadora

spl . Pseudosteineria spl Fl Daptonema sp3 55 5 Fh<k difi9 "
PR A 2 K %) HAZH ) 4 22 S o3, SERHURE o 70T
HRERAL SR ME(H ), AR 22|
R At Daptonema spl FF i 2% & T T, FLEXT I O; EE
Daptonema sp3 3 & 175 I 58 X} IR Hh 38 155 ; Neochromadora 20
spl il Spilophorella spl TE45 S35 20 Hh 3= BE 48R, (HAE 100 L

S . - B4, XFHRO A R
5AAJE B W E BN ; Pseudosteineria spl TE T, FIL4 ’ B B
Xof RZH rp = BE AR 7, H AR ol S 4k B b =R ARG, S 4R E6 ZmBt#E CLUSTER RAH
H E'i rg%‘ Fﬁij]l] Fig. 6 Cluster analysis of nematode community for the field

ﬂ\ij‘EEﬂ% Qf‘ EE\ ﬁ% E"J ﬁ‘: ﬂﬁ?\ 4 ljil: 1:/4] % UL ﬁﬂ% /fh E] /*] ﬂrﬁj m >I % sz situation T, , the oxygenated control (O), the anoxic treatment
Eﬁj‘?ﬁ%ﬁ”@/l\ﬁi\ﬁlz%lﬁ@tﬁ‘ﬁ/l\{di( LJE—?ETZ%%%*HEE?E (A) and the reoxygenated treatment ( R)
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Fig.7 Nematode species abundance for the field situation T, , the oxygenated control (O) , the anoxic treatment ( A) and the reoxygenated

treatment (R)

JUR AR ) A RSCE R R A (LR I S B R 4 B B S HE ) SRR R L (% ) L AR ILER 5, RS
AL, B R 2 HURE P S A IR L B A1, A 23. 2% , SRR B SR AR BR AT TR B Bl A 7, 20-9i1) K
73.4% M 61.9% ., {EGRALLILA, Daptonema spl Zyle A LA g, HoAth 4 Fp 2 U BB AIR, 4R S
Tl L2 A~ (A LU, 2475 T BF AP ) B A SR Ak B

R5 TRLERIRA S Mk HEHLHRNMELG]/ %

Table 5 Average juvenile/adult ratio for the five nematode species

BFAh T, B A HAER PLEXTIR O
Field situation Anoxic Reoxygeated Oxygenated
Daptonema spl 50 96.1 97.2 93.3
Daptonema sp3 0 0 12.5 0
Neochromadora spl 0 0 14.3 20
Pseudosteineria spl 0 0 27.3 27.3
Spilophorella spl 0 5.56 15.9 9.09
LR HUBEYE Nematode community 23.2 73.4 61.9 44.9
3 itig
BRI LA B WAL R et A BRSEX A7 P R A5 R, T B SRS L 4 AR
ELoMATBIRANE 5 1R S SR I R AWK RE ST WFSEAS SRR 2 DA SLEe | S5 R IR AL
TRER HUREVR 5 2 LA 5 B AN IR BT ST 4 SR IEACH ), 2k HOAe v 405 M O AR A 205010 60% 1 70% , W

TR RIS EEABEN T BPAN A . 2 B 25 BTS00 LSR5 P8 sl ( S/ e B
SR ) R4 FER B (LR 0 & T T T B BETE e, R T ARG L, S R P B
SN BT 255, A BT, MO st A5 Chromadorida [ BGIELE i £ FE 200D, AHIFGE S,
ZFEA Chromadorida HYG2:2E HUMI - BEWIE 4% 2647, Chromadorida Y92k H1 4 Syl £ % s S £
#U% LIRS N A, TZEA B St (75 B I R AR VR ) SR HE 9. ALK, Chromadorida F i3
PR st A R Z S B A
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3.1 UL TR I B O AR B S e 1

SR AR RV 2 R VR A T 0 AT S RO 45 R B | S22 3R B A0S BRZH PR 2 IRTE 0—1 em il 1—
2 em A i %, A2 PE R TR EE R s /b | 2 B 2 B T i 1) 1 SR A 43 A 70 AR RS R I 3R JZ TTRRR B
PR (B EAL PR 1 S 3R)Z (CSES T IR TR 4—5 em) AL R RERS N, R B 5 00 IR 2H — S0 2 B o3 A A%
Ja R HUE A T ) IS AR R TSR R RZ A . A ISR PR L dUnT DU i 3 B 10 X 2% il
HERARAL 2% Steyaert %1 Z P ILIBIT R |, BR5E T E XOJG AR BE I 4R AURT D i R BT
YR REAF 258 T HT R 7 1) AR B B TUURR B A A 112 BRI T2k A Y A /)N 50 JEE A
SNYERE A ERE B oA SR R AR SR AL, BRTE R B AR Z B B, IR B N2 e i b, B
S B B AL IRE | /INRLECATS S0 0 AR A R ) T L34 50T R A R S AR S, 2 HH At/ N SRS ARG S W S AT
M E W FRIEBNIG . WHEEAT NS, TS v 38 o0 1 78 R ikalik SR A 25 14, i At /N B RC A 3y ik =
XFRES) . WA ABFFEAE R TR | 5 B0 BRZH AN 5245 F000 BRATAR FL , £81'8 4 385 2 J2 ¥ e U A/ N RY SR AV
S FIEIEIN T 155% — 340% . BRFJZHMH AR 2 1 1 2k A= B A/ N A 34 -F 355 0) HR A 9 AH 1V 4%
JEEBAETC AR L, XN FR)ZEE A A N 156 B T 2 L b R )2 ) SRR R B R BT RS
HAZE L BB PR IR AE Ty . CA DTS I PRZ BT LIFE 1| RN SE iU R B b i s i

XU 0—1 cm Fl 4—5 cm JEHEVEL IS 45 M 0 A 45 SR s (818 AL S R Z FUR 2 2 i VR 45
1 5 3245 RN R A BOR 22 5 o T8 A L ST A L2 V)3 P v 2 o 49 2 00 L %o 4 I i) ke S ) T 522
FEPE R A L3R 0B AR A EN R ] T VPR 2 U 52 SR A T A LI Rl % 22 5= ) BV PR R AUl it 2 30iE
v T 52 S R A B R P E B R X ), ASBESE T Pseudosteineria spl  Rhynchonema spl 45 V4% WU i ]
BB IME ) T R 2 B S5 ; Thalassironus spl Hiv] B e B S I B B 2 AL AR Bl A 21
3.2 MGVRLR VR S R G i AR i R UK R R

ARWFFEET X R Z TR (0—2 em) SRAEEEVELE JURER 45 F 52 el ) BIF 50 45 2R B | TR T T R T Bk 4
IR S B I 2 AR, 2R ATG , PSS 4 m s 2 A WY Sl ) A | 28 R 9 D0 34l 0T 0 40 2% 24 1) i iy 45 A
AHIA

AT AEF Pseudosteineria spl X SR FMFH AR 7RG A, 7 2 J8Jm HAUR B350 I 584
S, FEAE FE SR W 0 2 T REOKF o TTORR A 3R 23 A T ) A i o) e A/ T S ) BBURR P , wT Ll it i
S AT Th BCRT B TR UTRR I I A K 2SR e AN 25 A% Wetzel 55 B8 PG HF VS 25 M BV P o0 25 2R
R A E AR A 19 DNERIZR (08 T 13 AR ETURPILLE 1m BK)ZE P EEER & | A TURY
TR YU 15 AR R VF 22 88 e K 2 rh R B A £ e i Il 3 iR b, A
R ZEAESR T EIRG WK P ospl BA A QS EaE B aerk, B, a7 LIk 3R 2 TR B4
IF, P, spl AT LA i B R ORI atE A K2 5 TIOR8 e U0 O3 T 5, iR mT LA |l B TR o

T — R Daptonema spl TEGRFAE TP FEEGRIY | SO HORETR h YL XS PL A, RIS T H
YIS R e )88 12 . 1IE U0 Jensen AYBFSGE Y Theristus anoxybioticus FI A A X Bl S8 S TG B IR BE B9 25 Thif 52
P ARBRGR S RTUR D, spl g BRI LA 8 T 52 . Daptonema J8 2% HURLAT W 2 1 W) Fh 2
PEVE B SR AN e 2% AR TR D SRR h 494 20 A B X R TR ZE SR (i 32 M AT 25 5. Steyaert 5T
R IE , RJEMEFR D, setosum F1 D. tenuispiculum ot f 48 e L A% ,Eﬂ%%%*%é{éi“ﬂ VN
WoR ZIERY 73— D, sp3 “FRETEGRAEA I N 52 4805 24 0 AT X R SR I HE X B AR PR 0 v ) R

FEXFRIZVIRI (0—2 om) SRR 1L IR R S RE D ORIFSR 45 R W SRR A2 FE 48U i TR 1
Sl F R TR, 28 B AR N, 10 d S5 B AR IZ 2 BROK P (H R A S 2H SR B AN [ T R
55 i S A B 26 HOREYE T AL (AR 75% ) o Neochromadora spl F1 Spilophorella spl 25X} B8 /58 7 =F B #5341
AR SR B R AR AL A A L it kg i, PRI, ATIAA V. spl FIS. spl FEZ UK A2 o 2
hEAPLSR IR . S IR R S AR ARG I, A e Tl R TR, 4 ORI Al S A A A2
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) P A BV S, TR 1 02 A 2 TR A )
4 Zig

(1) MG U TR N R AR S W) S 1, AT 3 3 3 2 B8 R i 52 k4o i AN R 25 1, (HUR: TV
LI T 32 SR AE A T AL A P22 5% . Pseudosteineria spl \Rhynchonema spl 55154k HUM 12 [7] A 4H 20
Bl E L RE it 32 B E S5 A s Thalassironus spl ZIT 58 3 [ B 52 AL GG B S50 R B AE S TR RE (R 35
B FEEE

(2)?1%)%'#%Eﬁ%&?ﬂ:ﬁk’fx%fﬁﬁﬂ“,,éi&fﬁ%ﬁ%ﬁ,ﬂﬂ%éﬂﬁkﬁ’iiﬂiﬂ’{o Pseudosteineria spl PORTEZ R
B A URR R I b B T ORI i A K 2 5 T T AR il A8 O B JS R RT LR | ST AR v
Daptonema spl ﬁgﬂﬁ1$&ﬁﬁm¢1$xﬁﬂ%ﬁﬁﬁﬁ%E‘Jﬂﬁ%‘@,%@%%ﬁ?@%éﬁﬁfﬁﬁ%ﬁo D. sp3 e
P X R AR P 2 i 1) U

(3) BRI TEH , S BT ~F B8 S 2R MR IG n , {EL e B I IS A U7 A2 000 s ) oA O R BB AR A, TR 1K
B KA, 245, Neochromadora spl F1 Spilophorella spl 55 B AWM AR5 B R B =E B
Ehane nysgin,
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