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Abstract

Meiofauna abundance, biomass and individual sizee wtidied in mangrove sediments subjected to
shrimp farm effluents in New Caledonia. Two strégegvere developed: i) meiofauna examination
during the active (AP) and the non-active (NAP)igds of the farm in five mangrove stands
characteristics of the mangrove zonation along ¢bistline, ii) meiofauna examination every two
months during one year in the stand the closesth¢o pond (i.e.Avicennia marina) Thirteen
taxonomic groups of meiofauna were identified, wittmatodes and copepods being the most
abundant ones. Meiofauna abundance and biomassasexd from the land side to the sea side of the
mangrove probably as a result of the increasedtiend tidal immersion. Abundance of total
meiofauna was not significantly different beforedafter the rearing period. However, the effluent-
receiving mangrove presented twice the meiofaunam@dnce and biomass than the control one.

Among rare taxa, mites appeared extremely sengditteis perturbation.

Key words: mangrove, meiofauna, shrimp farmingjrmmmental status, New Caledonia



27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

54

1 Introduction

In New Caledonia, shrimp ponds cover 680 ha, primgue 2,000 metric tons of shrimps per
year (Della Patrona and Brun, 2009). In contrasbtteer parts of the world, farms are built on salt
flats, developing upstream the mangrove forestd,thare were no direct losses of mangroves due to
pond construction. However, pond effluents areldisged into the adjacent mangroves, considered to
be a “natural biofilter” that can reduce or elintmampacts on the surrounding World Heritage listed
lagoon and coral reef (Thomas et al., 2010; Moktaal., 2013). The impact and fate of shrimp farm
effluents in mangrove ecosystems can be studiedguphysico-chemical parameters, nutrients
concentration, quantity and quality of organic mat{McKinnon et al., 2002; Costanzo et al., 2004,
Lacerda et al., 2006; Mirto et al., 2007; Pusceeldal., 2008). Benthic organisms, which are saresiti
to physical, chemical and biological disturbanaas) also act as relevant ecological indicator$ief t
status of the receiving ecosystem (Lamparadarial. £2005). Actually, benthic trophic status based
on organic matter variables is not sufficient t@yile a sound assessment of the environmental
quality of the ecosystem, which can be obtained hined with a study on meiofaunal variables
(Bianchelli et al.,, 2016). Meiofauna has been uaedecological descriptors in numerous studies
dealing with the impact of fish farms (Vezzulliadt, 2008; Grego et al., 2009; Mirto et al, 201012,
2014; Bianchelli et al., 2016) and to a lessermxté mussel farms (Mirto et al ., 2000; Danavoro e
al., 2004), oyster farms (Castel et al., 1989; Datal., 1990), and algae farms (Olafsson et l@bp).
The general outcome from the literature is thataagliure farms biodeposition typically alter
meiofaunal abundance, diversity, biomass and spemeposition. The disappearance of the rare
taxa, representing <1% of the total meiofauna abooe, were usually also described under fish farm
influence (Mirto et al., 2010).
To understand the putative impact on effluents @mfauna variables in mangrove, one has also to
understand the natural distribution of meiofaunghis specific ecosystem. However, few references
were interested in meiofauna distribution alongdaltgradient under semi-arid climate (Debenay et
al., 2015). Environmental cues such as temperasebnity, length of tidal immersion, redox
conditions and sediment grain size are the mosblitapt factors regulating the zonation patterns of

meiofauna in mangrove estuaries (Alongi, 1987abzak et al., 1993; Thilagavathi et al., 2011).
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These parameters can vary according to the mangtewel (Vanhove et al., 1992; Marchand et al.,
2004; Chinnadurai and Fernando, 2007) and its ipasih the tidal zone that induces difference in
waterlogging, leading notably to different pore evatalinity (Marchand et al., 2011).

In the mangrove studied herein, the influence efefiluents on C, N, and P dynamic as well as en th
physico-chemical characteristics of the sedimentewadready demonstrated (Molnar et al., 2013;
2015; Aschenbroich et al., 2015). Organic mattgooeted from shrimp farm stimulated oxygen
demand and nutrient regeneration rates. However,mhbjor role of mangrove sediments was to
process the effluent PON loads and to export theecttly in dissolved forms to the surrounding
lagoon waters, or indirectly by stimulating bacieand phytoplankton biomass production. No sign
of saturation, eutrophication or anoxia of the weffit receiving mangrove was observed. Thus, we
suggested that the mangrove was only a partiar fiibr the shrimp farm effluent. In the specific
context, our first hypothesis is that the abundabhienass and composition of meiofauna collected in
the effluents receiving mangrove were not seveadlgcted by shrimp farm effluents. Our second
hypothesis is that the distribution, abundanceividdal weight and biomass of meiofauna taxa will
differ between mangrove stands as a result of #peicific physico-chemical properties.

Our objectives were thus: i) to assess the inflaent shrimp farming effluents on meiofauna
distribution, ii) to determine the influence of theangrove stand on this distribution. To reach our
goals, we developed two sampling strategies: lectbn of surface sediments during the active (AP)
and non-active periods (NAP) of the farm in thdediént mangrove stands characteristic of zonation
under semi-arid climate, ii) a one-year surveyha meiobenthos distribution in a stand where the
effluents are released (i.2vicennia marinajcompared to a control one. Abundance and biomiss o
meiobenthos were measured, as well as the Chliamoof surface sediments. To our knowledge, this
study is the first one using meiofauna as ecologichcators in mangrove sediments receiving shrimp

farm effluents.
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2 Material and methods

2.1 Study site and sampling strategy

The work was carried out in two mangroves of sime&e located in Saint Vincent Bay
(Boulouparis, New Caledonia) that display the san@ngrove zonation: i) at the back edge of the
mangrove swamp, the area is characterized bylatdt & highly saline zone submerged only at high
spring tides and covered sparsely in the most dvears stretches witGarcocornia quinqueflorand
Suadea australidoushes; ii) a second stand of vegetation, dowausireis characterized by the
presence ofAvicennia marina iii) finally, the seaward edge is characterizeg Rhizophora
stylosatreeswhich are always submerged at high tide.
The control mangrove area (21°54'S, 166°04'E) cetle22 ha (Figure 1) is free from any aquaculture
or agriculture influences. The effluent-receivingnmgrove (21°56'S, 166°04’'E; of total area 28 ha,
located 2 km from the control mangrove) receivdsieft discharges from the 2 ponds (K and L) of

the “Ferme Aquacole de la Ouenghi” shrimp farm (FAO

N ! D ) o b) Natural mangrove

‘ Saint Vincent 2 km
hay X —

v

a) Effluent receiving mangrove '

Salt-flat without
vegetation

I:l Sale-flat with
Sarcocormia
- Rhizophora stvlosa

Area of cores sampling:

Circulation of water from

—— —
~ Pumping ! — the pumping station to the
station = . 200 m mangrove

Figure 1 Map showing: i) the location of the effluat receiving (a) and control mangrove (b) in
Saint Vincent Bay (New Caledonia); ii) the effluenbutlets: at the west and east side of the K and

L numbered Ponds (exposed site); iii) the locationsf sampling sites b are symbolized by crosses.
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Like the majority of shrimp farms in New Caledont&O operates a semi-intensive rearing system.
Ponds were stocked with blue shrimptopenaeus stylirostrisat an abundance of ~17 indfrim
December 2008, and reared for ~8 months. The shweme fed with locally produced feed pellets
(35-40% protein), which were added daily throughtbwet rearing period, with inputs increasing from
~0.25 to ~3.5 kg.had™" over the rearing cycle as the shrimps grew. THame of water discharged
into the mangrove corresponded to the volume ofithly water renewed, and increased progressively
with the growth of postlarvae and adult organisrosifO to about 20% of the volume of the pond per
day. The ponds were drained in July 2009 aftetaseshrimp harvest and allowed to dry for a period
of about three to four months prior to the starthef next breeding cycle.

The effect of shrimp effleunts on mangrove meiotawvas investigated by means of two
complementary approaches: dual-season spatiakstiithe whole effluent-receiving mangrove and
one-year monitoring in th&vicenniastand both in control and effluent receiving mawegs.

The spatial studies were carried out in the margereas adjacent to FAO during two distinct periods
of farm activity: the non-active period (NAP, Noveen 2009) one month before the beginning of
rearing, and the active period (AP, June 2010)astaristic of breeding running at full load.

Forty-five geo-referenced samples were collectedutjhout the whole mangrove area, subdivided in
accordance with the objective of the study intce fivegetation zones=stands in relation to their
different immersion time, roots systems and susggkeffluent plume effect: n°1 salt fla*, n°2 A.
marina“A”, n°3 mixed zone harboring. marinaand Rhizophora stylosédMAR” , n°4 central zone
with R. stylos&CR”, and n°5 seaward edge wih stylosdER” .

Sediment samples were collected in triplicate f@iafaunal analysis by means of Plexiglas cores
(inner diameter 3.6 cm, corresponding to ~10.7 eorface area) to a depth of 2 cm. Sediment
samples were immediately fixed with buffered 4%nfafdehyde solution until laboratory analyses
and stained with a few drops of Rose Bengal (0.3)g.

In both Avicenniastands (control and effluent-receiving), eight plng campaigns were conducted
from February 2009 to February 2010. Sampling cagmgsawere conducted to cover the entire

production cycle of the farm, with four campaigngridg the rearing period, and four during the
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“drying” period. Five sub-areas were defined forcleaAvicennia stand (effluent-receiving and
control), and five replicates were collected inteaab-area. One replicate was obtained by pooling 5

sub-samples.

2.2 Analytical methods
2.2.1 Meiofauna analysis

In the laboratory each sample was rinsed and diftem 1000 and 45 um mesh sievEse
45um mesh residue sieve was centrifuged three imtbe Ludox HS40 (d = 1.15). The animals were
counted on a 200-wells glass plate and identifiednajor groups through an adequate detailed
observation (microscopic ampliation or with a 8Gmdeular magnifier) according reference manuals
(Higgins and Thiel, 1988; Giere, 1993). Meiofaubi@imass was estimated from size measurements of
different animals. The length and width of up to@@anisms per major taxon were measured using a
dissecting microscope fitted with a micrometer ecdlhese measurements were used for further
conversion into biomass, using the specific conwar$actors for each taxonomic group following
Wieser (1960) and Warwick and Price (1979) for nahes, Warwick and Gee (1984) and Riemann
et al. (1990) for copepods, Gradinger et al. (1988xrustacean nauplii, Ruttner-Kolisko (1977) and

Bottrell et al. (1976) for rotifers, and Guo et@005) and Nozais et al. (2005) for the other gsou

2.2.2. Chlorophyll a analysis
Chl-a was extracted from freeze-dried sedimenitsgus 93% methanol solution and their

concentrations were determined fluorometrically ritéeh and Menzel, 1963). The fluorometer used

was a Turner Designs TD700 equipped with an opkitai®7000-961 including an excitation filter of

340-500 nm wavelength, and an emission filter up@ nm wavelength. Pigments in methanol were
then excited in the fluorometer with a 450 nm wawgth beam of light and fluorescence emitted at
664 nm. MPB is the microphytobenthic biomass (nhir&Cni?), converted to autotrophic carbon (mg

C.m?% assuming a C:Chl-a ratio of 40:1 (de Jonge, i880ozais et al., 2005).
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2.3 Statistical analysis

Principal component analysis (PCA) was used toyaeal) the dual season spatial study data,
in which observations (meiofauna abundance and ddsjnare described by several inter-correlated
quantitative dependent variables (i.e. spatialystudgetation, period), ii) the one-year monitoring
effluent-receiving and controlled. marina stand data (environmental status effect vs. chntro
campaign date).
PRIMER 6 software was used for multivariate analyBiata matrices were used to create triangular
similarity matrices, based on the Bray—Curtis samiiy coefficient. Differences in meiofauna
composition among factors were tested using one-araywo-ways analysis (as appropriate) of
similarity (ANOSIM) and the statistical test was ngouted after 5,000 permutations. No
transformation was applied to the data and faaieesl for analysis. Where differences in meiofauna
composition were detected between factors (Statatg), similarity of percentage tests (SIMPER)
were used to determine which meiofauna taxa drogebserved differences between the two sets of
data. Differences in abundance of meiofauna betvgsenpling times and vegetation stands were
tested using analysis of variance. Prior to ANOYZAJ-a data were log (x+1) transformed and all data
were tested for homoscedasticity (Bartlett test) mormal distribution (Shapiro-Wilk). Tukey's HSD
post-hoc tests were then used to determine diffeserbetween groups. Chl-a data were, first,
analyzed by a non-parametric Kruskall-Wallis testd then by a Wilcoxon test to compare mean
values for pairs (control mangrove vs. effluenteiging mangrove, between campaigns). For
kinorhynchs and mites data homoscedasticity anthalodistribution of residuals condition were not
fulfilled. So kinorhynch and mites data were testiethg a non-parametric test (Kruskal-Wallis test).
Van Der Waerden test was used to convert the rémka Kruskal-Wallis one-way analysis of
variance to quantiles of the standard normal distion called normal scores and the test was
computed from these normal scores. Regression sisaliere used to identify relationship between
MPB (Microphytobenthos) and total meiofauna biomadkthese tests were performed using the R
version 2.9.0 2009 software and for all tests tiedability o was set at 0.05. The initial hypothesis Ho
(means of the groups are equal to one anothegjdsted if the p-values & i.e. at least one group is

different from the other one.
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181 3. Results

182 3.1. Dual-season spatial study in the differentahds of the effluent-receiving mangrove
183 3.1.1. General characteristics of meiofauna distsution
184 Within the surface sediment of the mangrove reogishrimp farm effluents, a total of 13

185 taxonomic groups of meiofauna was identified dutimg two spatial studies carried out in November

186 2009 and June 2010 (Table 1).

187 Table 1 Mean abundances (Nb x 10 ¢ Standard Deviation) of meiobenthic taxa recorded
188 during Non-Active and Active Periods in all (globa) and different mangrove stands affected by
189 shrimp farm effluents for twenty-five years. “S” sdt-marsh, “A” A.maring "MAR” mixed zone
190 harboring A. marina and Rhizophora stylosa“CR” central zone with R. stylosaand “ER”

191 seaward edge withR. stylosa

Non Active Period (NAP)
Taxa S A MAR CR ER
Abund. S.D Abund. S.D Abund. S.D Abund. S.D Abund. S.D
Amphipoda 00 + o0 00 + o0 00 £ 00 02 + 08 23 + 54
Bivalvia 00 + 00 04 + 10 04 + 10 00 + o0 23 + 31
Copepoda 174 + 326 453 + 334 546 + 668 524 + 482 723 + 983
Gastropoda 25 + 55 0.1 + o3 00 + o0 03 + 05 21 o+ 21
Halacaroidea 09 + 15 03 + 07 06 + 11 08 + 11 13 + 20
Kinorhyncha 0.2 + 05 06 + 12 01 + o3 05 =+ 19 51 =+ 116
Crustacean nauplii 23.6 + 374 41 + 47 169 + 284 40 + 9.8 19.0 + 275
Nematoda 584.7 + 588.7 761.7 + 4113 881.8 + 697.7 932.1 + 4548 1255.1 + 414.2
Oligochaeta 13 + 17 7.8 + 188 11 = 17 23 + 34 73 + 59
Ostracoda 1.8 + 39 1.1 + 15 03 + 04 04 + 15 21 £ 29
Polychaeta 05 + 07 54 + 124 59 + 156 120 + 179 51.1 =+ 4438
Rotifera 15 + 33 19.1 + 337 6.0 + 133 06 + 14 03 =+ 04
Tardigrada 53.2 + 1169 00 + o0 00 + 00 00 =+ 00 00 + 00
Turbellarians 0.0 + 00 0.0 + 00 0.0 + o0 0.0 + o0 0.0 + o0
192
193
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Active Period (AP)

Taxa S A MAR CR ER

Abund. S.D Abund. S.D Abund. S.D Abund. S.D Abund. S.D
Amphipoda 0.0 + 00 00 + o0 03 + 09 00 + 00 08 + 17
Bivalvia 00 + 00 00 + o0 00 + o0 00 + o0 26 + 44
Copepoda 243 + 322 58.1 + 366 444 + 773 37.7 + 374 79.7 + 413
Gastropoda 04 + 06 04 + 05 02 05 02 + 05 27 + 44
Halacaroidea 1.0 + 17 08 + 09 0.2 + 05 05 + 12 29 + 35
Kinorhyncha 00 + 00 01 + o4 05 = 13 01 =+ 06 150 =+ 237
Crustacean nauplii 101.1 + 1140 18.6 + 303 13.6 + 259 05 + 10 6.3 + 89
Nematoda 235.0 + 268.2 656.1 + 565.9 5356 + 5538 727.7 + 3896 1798.8 + 1143.0
Oligochaeta 01 + 03 0.7 + 14 06 + 10 15 + 24 45 + 57
Ostracoda 62.4 + 1300 10.8 + 206 29 + 85 00 + 00 63 =+ 83
Polychaeta 20 + 45 89 + 129 14 + 25 81 + 147 499 + 367
Rotifera 00 + o0 28 + 68 104 + 247 13 + 44 8.12 + 156
Tardigrada 07 + 11 03 + 05 00 = o0 00 * 00 00 =+ o00
Turbellarians 00 + o0 00 + o0 00 + o0 01 + 03 01 + o03

With regard to meiofauna abundance, PCA “inter’rimewas explained by spatial study (0.8%),
period (0.8%) and vegetation (15.2%). Both vegetatind period factors represent 22.8% of total
inertia. In terms of biomass, PCA “inter” inertiaasvexplained by spatial study (2.3%), period (2.3%)
and vegetation (14.4%). Both vegetation and periggresent 24.3% of total inertia (Figure 2).
Meiofauna abundance (ANOVA, p<0.05) and biomass Q¥4 p<0.05) were significantly different
in the five mangrove stands. As expected, nemattt®94%) and copepods (3-8%) were the most
abundant taxa, with 500-1,500 ind.10 cand 50-100 ind.10 cim respectively. Bianchelli et al.
(2010) and Pusceddu et al. (2011) have used the“tare meiofauna taxa” for taxa representing
<1% of the total meiofauna abundance. Thus, sguemps belong to this category “rare taxa” in the
effluent-receiving mangrove: turbellarians, tarddg, kinorhyncha, halacaroidea, gastropoda, baalvi
and amphipoda whereas pygnogonida has been foucel itwone sample out of five.

Meiofauna abundance decreased from the land sidieet@ea side of the mangrove, the minimum
being in the “S” salt flat with 427 ind.10 cm-?,dcathe maximum in the “ER” seawaRhizophora
stand, with more than 1,420 ind.10 cm-2. The grapgnovesA. maring “A”, the mixed grey and stilt
mangrove, “MAR”, and the inneR.stylosa “CR”, stands showed an abundance around 7500nd.1

cm-2. Total meiofauna biomass exhibited similartigp@atterns as abundance.

10
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1.0 05 0.0 05 % 4 2 0 2

Figure 2 Principal Components Analysis (PCA) of thedual-season spatial study in effluent-
receiving mangrove stands using meiofauna biomasgeft panel: loadings representing the
extent to which the varaibles are correlated to pricipal components. Right panel: component

scores.

3.1.1.1 Distribution of the most abundant taxaematodes and copepods

Nematode and copepod abundance (ANOVA, p Nem<0p%op=0.05) and biomass
(ANOVA, p Nem<0.05; p Cop=0.05) were significanttiifferent in the five mangrove stands
(p<0.05). Their abundance slightly increased towdne sea, i.e. from “S” to “ER".
Nematoda represented the largest biomass (37-78fb&iofauna present in all the mangrove stands.
With exception of 47% in salt flat “S” during Afhd proportion of copepods in terms of biomass was
about 30% in all the mangrove stands. Relative bgsrcontribution of polychaeta (third biomass
contributor) increased towards the sea, and wassignificant in the outer stilt mangrove “ER” (17-
23%). Individual mass of nematodes also showedranie@ably progressive increase towards the sea
side, with individual mass increasing fourfold,fr®.5 to 2 pug (Figure 3). Copepod individual mass

followed a different pattern. Individual mass ardu8pg was observed in 4/5 vegetation types: salt

11
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flat, grey mangrove, mixed grey and stilt mangrowesd seaward stilt mangrove, whereas smaller

specimens were observed in the inner stilt mangBigure 3).

Nematoda individual mass

(H9)
0

S (84) A (234) MAR (226) CR (488) ER (277)
Mangrove stands

Copepoda individual mass

5 -

4 6 0
5°] : ©
2, @)

14

0 ‘ ‘ ‘

S (39) A (134) MAR (90) CR (156) ER (158)
Mangrove stands

Figure 3 Individual mass (ug) of nematodes and copeds in the different stands of the effluent-
receiving mangrove (mean *S.D). “S” salt-marsh, “A A.marina, "MAR” mixed zone
harboring A. marina and Rhizophora stylosa“CR” central zone with R. stylosaand “ER”

seaward edge withR. stylosa(average + SD); N (numbers of weighted specimens)

3.1.1.2 Distribution of rare taxa
Turbellarians have been found in ER in three sasnplat of five during AP. Tardigrada
(relative abundance =0.79 = SD 7.13%) seemed tedidcted to less flooded sediments i.e S and to a
lesser extent A sediments. They reached 53.2 ahih0.10 cnif in S during non active period and
active period, respectively, and 0.3 ind.10°dmA during the active period.
Amphipoda (0.00 + SD 0.03%) and bivalvia (0.06 + @R1%) rarely exceeded 1.0 ind.10cand

have been found more abundant in sediments thahasé often flooded (CR and ER). Halacaroidea

12
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(mites) (0.06 + SD 0.13%) and gastropoda (0.04 +(54D%) were ubiquitously collected in five
stands in very low abundance <3 ind .10%whatever the period. In addition, anecdotal figdof

one pygnogonida has been done once in ER in onelsamt of five during NAP. Kinorhynchs
represented only 0.16 + SD 0.52% of the total nainh abundance. Kinorhynch abundance and
biomass were significantly different in the five mgaove stands (Kruskal-Wallis, p <0.05) with lowest
abundances in S, A, MAR, CR and highest in ER. Ttlieplayed their highest biomass in “ER” in
both spatial studies (van der Waerden test; Chklg83; p.chisq=3.52e-06) (Figure 4). Same results
were obtained with their abundance (not shown)eMiabundance and biomass were significantly
different in the five mangrove stands (p<0.05) vawest abundances in S, A, MAR, CR and highest

in ER (van der Waerden test; Chisq= 17.56; p.clige@l5).

15 20
|

Kinorhyncha biomass (Hg. 10 cm-2)
10
I

(e

: : ]
—— 1 Q Q Q

T T T T T T T T T T
AP A AP CR AP ER AP MAR AP S NAP A NAPCR NAPER NAPMAR NAPS

[e]

Figure 4 Importance of kinorhynchs biomass (ug 10r) in different mangrove stands in both
spatial studies according van der Waerden test. Wi test identified 3 groups. AP-ER belongs to
1st group; NAP-ER belongs to 2nd group while othepairwises farm “activity-stand” belong to
3% and/or both two different groups. “S” salt-marsh, “A” A.marina, "MAR” mixed zone
harboring A. marina and Rhizophora stylosa“CR” central zone with R. stylosaand “ER”
seaward edge withR. stylosa“AP” Active Period. “NAP” Non active period.
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3.1.2. Meiofauna response to crop effluent pressurever an 8-month period in
the effluent-receiving mangrove (NAP vs. AP)
3.1.2.1 Total meiofauna abundance

Abundance of total meiofauna was not significaulifyerent (p>0.05) before (1033 + SD 86
ind. 10 cm-2 ) and after (921 + SD 129 ind. 10 cinfarm activity (NAP vs. AP) in the whole
mangrove (p>0.05) or in each stand separately (%y0.Among thirteen meiofauna groups
determined during the two sampling seasons, teriuding the two major groups nematodes and
copepods, showed similar abundance and similailision in the different mangrove stands over the
two spatial studies. In addition, during the ARs #bundance of crustacean nauplii and ostracods was
up to 8 times higher compared to the NAP in thadthe closest to the ponds: the salt-flat “S” and

the grey mangrove “A”.

3.1.2.2 Total meiofauna biomass

Biomass of total meiofauna was significantly diéiet before (635 + SD pg 10cm-2) and after
(383 = SD 40 pg 10 cm-?) farm activity (norma.residvalue= 0.84; bartlett.p.value= 0.19) in
effluent-receiving mangrove (Stand: F.value =12R¢;F.= 9.46e-08; Spatial study: F.value = 15.96;
Pr..F.= 1.40e-04). During the NAP, meiobenthic kagswas up to 2 times higher compared to the AP
in the CR (Tukey.p.value= 3.06e-02) and MAR (p=9%-02; n.s). Significant larger specimens of
nematodes, copepods and polychaetes (p<0.05) wsesved in “MAR”, “CR” and “ER” during non-
active period NAP of shrimp farm waste releasetigyr explaining total meiofauna biomass

difference (Figure 5).
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291 Figure 5 Individual mass (pg) of nematodes, copspudl polychetes in “MAR” mixed zone
292  harboringA. marina andRhizophora stylosa“CR” central zone withR. stylosaand “ER” seaward
293 edge withR. stylosarecorded during active period AP and non-activéogeNAP of shrimp farm
294  waste release. (average + SD); N (numbers of weigspecimens).

295
296 3.1.2.3 Rare taxa
297 There were three times more kinorhynch$§BER” during the AP (Kruskal-Wallis for Spatial

298 study/Vegetation, p<0.05). The abundance of watesh@ardigrada) irfS” was 50 times higher
299 during the NAP (p<0.05). Turbellarians, halacaraidgastropoda, bivalvia and amphipoda did not
300 showed significant differences in their abundanaend) AP and NAP. Pygnogonida were found in
301 “ER” only during the NAP.

302
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3.2. One-year monitoring in effluent-receiving andccontrolled A. marina stand
3.2.1 Meiofauna
3.2.1.1 Total meiofauna abundance in both controlrad effluent-receiving
A. marina stands
On average, mean total meiofauna abundance infftherg-receiving mangrove stand (305.3
+ S.D 38.3 ind.10 cm-?) was twice the control magr stand (165.2 + S.E 29.1 ind.10 9m
(p<0.05). With regard to meiofauna abundance, Pfef” inertia was explained by environmental
status (3.7%) and campaign dates (15.2%). Bothss&atd dates represent 30.2% of total inertia. In
the sediment of the contrél. marinastand, total meiofauna abundance values werg fiable from
February to June 2009, with an average value ardahdnd.10 cm-2, without any significant
differences during the 4 sampling campaigns (WitcoX{ est, p>0.05). Then, abundance increased
sharply until September, reaching a maximum of 239SD 219.2 ind.10 ct From September 2009
to November 2009, it decreased quickly and stailiat values around 125 ind.10%(@4 November
2009 to 8 February 2010). In the sediment of tHleait-receiving mangrove, when the farm was
active, total meiofauna abundance increased sigmifiy from February (100.1+ SD 0.3 ind. 109m
to June 2009 (347.4 + SD 266.1 ind.103rand stabilized at around 325 ind.10cfrom June to
August (312.9 + SD 106.5 ind.10 &n After the final drain (August), i.e during the@mactive
period, abundance increased again and reached ismomaxn September (538.9 + SD 285.8 ind.10
cm?). It then decreased sharply to stabilize at aro886 ind.10cri (24 November 2009 to 8

February 2010).

3.2.1.2 Total meiofauna biomass in both control andffluent-receiving A.
marina stands
The difference was also significant with regardbtomass (p<0.05). On average, effluents-
receivingA.marinasediments had a meiofaunal biomass twice as Eggbe control sediments with
211.2 + SD 34.3 and 118.5 + SD 19.2 pg.18cmespectively. In terms of biomass, PCA “inter”
inertia was explained by environmental status (3.6 campaign dates (17.6%). Both status and

dates represent 30.7% of total inertia (FigureT®tal meiofauna biomass differed significantly in
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terms of Environmental status (F.value=15.75; PR2.B4e-04) and campaign date (F.value= 16.22;
Pr.F= 1.54e-11) in both control and effluent-reaevA.marinastands. In the control mangrove, the
total biomass was low and stable from FebruaryuioeJ2009 without any significant differences
during the 4 sampling campaigns (Wilcoxon Test,.p50) with values around 35 pg.10€nit then
increased, peaking at 302.7 £ SD 91.0 ug.10amSeptember, and eventually decreased to 109.5 +
SD 33.2 pg .10ciin February 2010. In the sediment of the efflueaeiving mangrove, when the
farm was active, total meiobenthic biomass valuesewairly stable from February to June, with an
average value around 90 pg.10 Lnwithout any significant differences during thesdmpling
campaigns (Wilcoxon Test, p>0.05). In August after final drain, the biomass increased, reaching
282.4 + SD 124.1 pg.10¢mDuring the non-active period of the farm, fromgist to February, total
meiobenthic biomass increased, with a mean val@®@6 + SD 219.9 ug.10¢h{Figure 9).

ANOSIM showed significant differences (R=0.4199, O5) between meiofauna biomass
compositions in both control and exposedmarinastands (factor “status”) during the 8 sampling
campaigns from February 2009 to February 2010 fatibate”). Similarity of percentage tests
(SIMPER) of cumulative contributions of most influ@l species showed that composition is mainly
driven by nematodes and copepods. Actually, copeéd and 64% of total biomass in effluent-
receiving and control mangroves) and nematodes (26t 34%, respectively) were the most
influential groups in terms of biomass (SIMPER gs@) and contributed at least 75% to the
difference between groups (cumulative dissimiladgntribution) i.e. 0.786 and 0.774, respectively
for nematodes and copepods in effluents-receivadjnsents, 0.768 and 0.772 for nematodes and
copepods in control sediments, and 0.797 and (0fdi8ematodes and copepods in both sediments

(Effluents-receiving vs. control same date).
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Figure 6 Principal Components Analysis (PCA) of theone-year monitoring in exposed and
controlled A. marina stands using meiofauna biomass. Left panel loadiegrepresenting the
extent to which the variables are correlated to pncipal components. Right panel: component

scores.

3.2.1.3 Temporal changes of nematodes and copepateindances and

biomass in both control and effluent-receivingA. marina stands

The temporal variations of abundance of nematodes @pepods differed between the
control and the effluent-receiving. marinavegetation. During the year, nematode abundangedva
between 200 and 350 ind.10Gnexcept for a peak at 450 ind.10cim September in the effluents-
receiving sediments. In the control mangrove, neded abundance remained low from February to
June (< 100 ind.10c and then increased to the same values as theasumed in the effluent-
receiving mangrove. From February to June, the @dmure of copepods was low and stable with no
more than 10 ind.10 cm-2 in both sites. From Jalgramatic 900% increase occurred synchronously

in both sites, with abundances reaching 100 inanda August. However, after this increase, the
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abundance of copepods slightly decreased but rexhdiigh in the effluent-receiving mangrove (60 to

80 ind.10 cm-2), whereas it gradually decrease2btimd.10cr in the control site (Figure 7).
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Figure 7 Nematoda abundance (above) and copepodaumdance (below) (ind. 10 crf)

measured within sediment in the effluent-receivingmangrove and in the control mangrove
during 8 campaigns between February 2009 and Februa 2010. The impact of effluents
(February to June) barely registers on copepods wha it is very noticeable on nematodes
(Control sediment: dotted line with black circle; Hfluents receiving sediment: solid line with

stars; (average = SD)
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3.2.1.4 Temporal changes of rare taxa abundances both control and
effluent-receiving A. marina stands

Three rare taxa were found in very low quantitieshie sediments of effluent-receiving and control
vegetations. Turbellarians have been observed lmugey 2010 in the effluent-receividg.marina
stand (0.6 + SD 1.4 ind.10 &nand in September 2009 in the conttonarinastand (0.4 + SD 0.4
ind.10 cn¥). Gastropoda have been found in February 201Bdreffluent-receivingd.marinastand
(0.4 + SD 0.5 ind.10 cf}) and in November 2009 in the contfimarinastand (0.1 + SD 0.3 ind.10
cm®). Pygnogonida have been observed only in Febraamd in the effluent-receiving.marina
stand (4.3 + SD 9.5 ind.106 Neither bivalves nor amphipods have been obsem¢@orhynchs
have been found only in the effluent receiviagnarinasediments during 2009 and 2010 hot seasons
i.e 0.3 + SD 0.6 ind.10 cA(Feb.2009); 0.1 + SD 0.3 ind.10 éfiNov.2009) and 0.1 + SD 0.3 ind.10
cm? (Feb.2010). Mites (halacoidea) and waterbeardi@fada) have been found almost all year round
in both control and effluent-receiving. marina mangroves (Figure 8). Seasonal patterns of their
abundance in receiving-effluents sediments mirrdtesbe observed in the control mangrove. On
average over the year, waterbears abundances tidiffer significantly in effluents receiving and
control A.marina sediments (p>0.05), whereas mites were signifigamiore abundant in control

sediments (p<0.05).
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Figure 8 Rare taxa abundances (halacaroidea: mitesardigrada: waterbears) (ind. 10 cnY)
measured within sediments in the effluent-receivingand in the control A.marina vegetations
during 8 campaigns between February 2009 and Februa 2010 (Control sediments: dotted line

with black circle; effluent-receiving sediments: sbd line with stars).

3.2.2 Microphytobenthos
3.2.2.1 Microphytobenthos temporal evolution

Microphytobenthic Chl-a concentrations were siguaifitly different between the two sites
(p<0.05). The surface sediment of the effluentirgéog Avicenniastand presented three times higher
Chl-a concentration than the control sediment, witraverage 198.0 + SD 14.9 mgChl-4d.amd 73.5
+ SD 4.2 mgChl-a.ify respectively. From February to June, microphyhttiie Chl-a concentrations
were relatively stable in the control mangrove @&fion Test, p>0.05), while they increased and
peaked in September and decreased to Februarys@dsmnal change of microphytobenthic Chl-a

concentrations in the effluent-receiving mangrows wifferent to that in the control mangrove. From
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February to June, when the farm was active, coraionis ranged between 119.3 + SD 60.3 and
110.2 + SD 54.4 mgChl-a.fn without any significant differences during thes@mpling campaigns
(Wilcoxon Test, p>0.05). In August after the fimhin, the concentrations increased, reaching 217.2
+ SD 92.7 mgChl-a.ih During the non-active period of the farm, from gst to February,
microphytobenthic Chl-a concentrations increaseith @ mean value of 269.0 £ SD 113.5 mgChl-

a.m? (Figure 9).
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Figure 9 Temporal variations in total meiofauna bianass (ug 10 cii) and microphytobenthic
Chl-a (mg m?) (average + SD) in control mangrove and effluenteceiving mangrove. Seasonal

patterns in meiofaunal biomass mirror the patternsof microphytobenthic Chl-a.

3.2.2.2 Parallel microphytobenthos and meiofauna teporal evolution
Pearson product-moment correlation coefficient datiéd that meiofauna and microphytobenthos
biomass were positively correlated and followedyv@milar patterns at both sites (control t = 4215
df = 6, p-value = 0.005586, r= 0.8646534; impadted 5.9269, df = 6, p-value = 0.001028, r =

0.9241838) during the same period.
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4 Discussion

4.1. General characteristics of meiofauna distribtion in the whole mangrove area
receiving shrimp farm effluents

In the whole mangrove area that has received ghiidmm effluents over a period of 25 years,
meiofauna abundance ranged between 70 and 5,13Vind¥, which is similar to natural mangrove
sediments worldwide (Coull, 1999). The top threatidbutors to biomass identified in the effluent-
receiving mangrove were nematodes (57.3%), copef8id3%) and annelids (6.3%) confirming that
such taxa are the most ubiquitous taxa in mangrasesbserved in Brazil (Netto and Galluci, 2003),
in Vietnam (Xuan et al., 2007; Mokievsky et al. 2DJand in India (Chinnadurai and Fernando, 2006;
Chinnadurai and Fernando, 2007; Thilagavathi e28ll1). Consequently, we suggest that 25 years of
release of aquaculture effluents into the mangroas not caused any severe changes in benthic
meiofauna in terms of total abundance or biomasss Tonclusion is in agreement with that of
Molnar et al. (2014), who did not find any signssaturation, eutrophication or anoxia of the sedime

of the same effluents receiving mangrove.

4.2. Meiofauna distribution in the whole mangrovein relation to mangrove stand and

farm activity
4.2.1. Meiofaunal distribution in the whole mangroe during the non-active
period: the influence of mangrove zonation.

Meiofauna abundance and biomass increased fromatie side to the sea side of the
mangrove, i.e. from the closest to the furtheshpof the effluent discharge. At first glance, thésult
may suggest a situation of hyper-eutrophicationvifenment Canada, 2010). Nevertheless, individual
mass and consequently total biomass did not shgwspecific changes in relation to the distance
from the discharge point. In New Caledonia, frora #alt flat to theRhizophorastand, the physic-
chemical parameters of the sediment present diffegeadients, notable salinity, water content, and
organic matter (Deborde et al., 2015). We thus ssigthe abundance and biomass increases towards

the sea was rather related to the decreasingtgadiinpore waters from the land side to the sea eid
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the mangrove (Molnar et al.,, 2014), salinity beiggognized as a key parameter of meiofauna
distribution. In mangrove ecosystems, salinity @ity driven by the length of tidal immersion and
thus by the elevation of the soil, and thus inaea®wards the land. The salinity gradient is also
responsible for the mangrove species distributiongathe tidal zone, the ability of mangrove trées
cope with high salinity differs among species (Mened et al., 2011). Actually, in New Caledonia,
pore-water salinity in salt flats can reach morantt80 %. (Marchand et al., 2011), and sediment
temperature can be as high as 43°C or more, induigigh evaporation (Leopold et al., 2015).
Meiofauna biomass and abundance differed betwegetaton, but some differences were also
observed within sediments of the same mangroveiespethe fringingR. stylosapresented higher
abundance and biomass than the irRbizophorastand.In fact, Rhizophoratrees,growing at the
edge of the sea, present higher abundance anddewedoped root system than inland, and this can
create a favorable environment for the developneérmtumerous taxa. Furthermore, this particular
sediment consists of a coarser grain size linkeitheohigh energy of the sea side zone, as well as a
lower organic content of the sediment linked taliflushing (Marchand et al., 2004), which may
induced better sediment oxygenation than in theriRmizophorazone, which is known to be strongly
anoxic (Deborde et al., 2015). With regard to Awicenniastand, which is situated between the salt
flat and theRhizophorastand, its sediments have high biomass and theesigabundance of
meiofauna. In addition to sediment grain size aoddf availability, Avicennia pneumatophores
probably act as a more effective barrier than Riizophorastilts for meiofauna (Chinnadurai and
Fernando (2007). Furthermordyvicennias specific root system, by diffusing oxygen intbet
sediment (Marchand et al., 2004), may create mareréble conditions for meiofauna development.
Eventually, Avicennia spleaves, which have high nitrogen content and W ratios, decompose
faster (Robertson, 1988), and may be more easigsaile to meiofauna th&hizophoradeaves that

are rich in tannins, which by acidity and/or togichdversely affect meiofauna (Alongi, 1987c).
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486 4.2.2. Evolution of meiofauna distribution in thewhole mangrove between the
487 active and the non active periods.

488 Over the course of the 8 month rearing cycle,tthal N and P loads to the mangrove were
489 approximately 2.3 and 0.5 tons of N and P, respelgti which are equivalent to loads of 79 kg N'ha
490 and 19 kg P Ha(Molnar et al., 2013). Short-term effects of efffi release on total meiofaunal was
491 expected, and thus samples were collected duriagatm’s active and non-active periods. At the
492 whole mangrove scale, we did not observe any sagmif differences in terms of abundance but in
493 terms of biomass between AP and NAP periods, whigly seem paradoxical. It is known that
494 intraspecific variation of animal size may be ctated with organic enrichment (Weston, 1990 ; Grall
495 and Chauvaud, 2002). In fact, significant smalfgcimens of nematodes, copepods and polychaetes
496 were found during the active period. In the prestmdy, releasing effluents into the mangrove &ed t
497 a decrease in the length of sediment air exposureduced availability of dissolved oxygen in pore
498 waters, and thus to more hypoxic conditions (Mokiaal., 2014). One explanation would be that the
499 transient combination of moderate organic enrichiraed reduced availability of dissolved oxygen in
500 pore waters during the AP may selectively prombeesmaller species. Additionally, effluent release
501 occurred during the cold season, when the metahalfsbenthic organisms is at its minimum (Santos
502 etal., 1996), and the final drain occurred jusbbethe seasonal temperature increase, a periagdu
503 which the microphytobenthos biomass increasedarctimtrol mangrove. The seasonal variations may
504 be responsible for this difference in biomass. #ersal of the NAP (June) vs. AP (November)
505 situation from the one studied in the present stuayld have been extremely informative to
506 distinguish the respective influence of farm andssas. However, owing to reduced profits, New
507 Caledonian shrimp farmers no longer stock theirdsan the cold season (May-June) with a view to
508 harvest in the hot season (November-December). égmesitly, this sampling strategy cannot be
509 developed in New Caledonia. Hence, we have caoug parallel one-year monitoring of meiofauna
510 distribution in theAvicenniastand, the closest vegetated stand to the pomdls,ib the effluent-
511 receiving mangrove and in a control stand.

512
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4.3. Respective influence of season and farm actywion meiofauna in theA. marina stand

receiving the effluents.
4.3.1 Response of specific taxa
4.3.1.1 Most abundant taxa: nematodes and copepods

At the crop scale, the impact of effluents wasidentifiable on copepods but was noticeable
on nematodes in th&vicenniastand (Figure 7). Copepods abundance remainedhimughout the
farm’s active period. Consequently, the massivivarof water enriched in potential food sourced di
not stimulated copepods development. We suggedt rtiean changes displayed by copepods
populations are mainly related to their natural ley¢reproduction), as their blooms occurred
simultaneously in the effluent-receiving and in ttentrol mangroves characterized by significant
different microphytobenthos biomass. Nematode @djmris displayed an opposite trend than that of
copepods. Shrimp farm effluents seemed to highiywate their development, while they remained
low in the control site over the period FebruaryJtme 2009. Shrimp farm wastes contain highly
diversified phytoplankton cells up to 20 milionglenl* (Della Patrona and Brun, 2009) that
constitute a very important food source for eptstf@eders, that are known to directly assimilate i
(Olafsson and Elmgren, 1997). We thus suggestthese phytoplankton-rich effluents directly and
specifically enhance epistrate-feeder populatibias are the dominant trophic nematofauna group in
the A.marinastand (Chinnadurai and Fernando, 2007). Undemtheence of anoxic conditions, the
general pattern consists of an increase in “lessitbee” nematodes in conjunction with a decrease i
"very sensitive" copepods (Vezzulli et al. 2003;oreho et al., 2008). However, the semi-intensive
rearing system of New Caledonia did not led to ssmVere conditions and did not disrupt copepods
life cycle as reported in sediments subjected ugsal farm biodeposition (Danovaro et al., 2004) or

to some peculiar well managed fish farms (Holmeal €22008; Mirto et al., 2010).

4.3.1.2 Rare taxa
The large dominance of nematodes, copepods andhamies can mask the presence or the
evolution of other taxa (Bianchelli et al., 201QsPeddu et al., 2011). Some rare taxa are recapnize

as providing more reliable and clear results ondégree of eutrophication than ubiquitous groups
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(Mirto et al., 2010; Gambi et al., 2010. In thigaed, kinorhynchs, is the most frequently rare taxo
examined in aquaculture studies (Mazzola et al991Mazzola et al., 2000; Nadjek et al., 2007;
Holmer et al., 2008; Grego et al., 2009). In thespnt study, kinorhynchs populations displayed an
opposite trend to what was expected. They weresptes impacted sediments and absent in control
ones. Actually, we assume that owing to its charéstics (low water and OM contents, high pore
water salinity and elevated insolation), the sedimef the control site had probably insufficient
trophic capacity for kinorhynchs development. Ferthore, this taxon was only observed during the
hot season (November to February), confirming telvated requirements. Mites, which are usually
observed in intertidal environments (Marshall et 2001), may be very abundant in tropical estgarie
(Nozais et al., 2005). In this study, mites aburdapeaked during the cold season (June to August)
while usually maximum abundance of meiofauna pé&akke warm months (Giere, 1993). However,
individual taxa or species may reach maximum aboeoelat different periods (Higgins and Thiel,
1988)a fortiori in tropical conditions where differences in tengtares are less pronounced. As stated
for tardigrades, seasonal shrimp farm activity (ARJ not disturb the natural cycle of mites in
A.marinasediments. However, mites were found three tiraes hbundant in the effluents-receiving
A.marinastand than in the control one. Unlike kinorhyncimtes were ubiquitously found in the
different mangrove stands and almost all year ro@uwhsequently, we suggest that this rare taxon

may be a useful indicator of long term shrimp fdomedeposition in mangrove.

4.3.2. Total meiofauna and microphytobenthos par#l changes
4.3.2.1 Response of microphytobenthos to shrimp fiar effluents
In addition to the meiofauna distribution, we weiso interested in the Chl-a content of the

surface sediment in th&.marina stand. Actually, along the mangrove zonation irwNealedonia,
Leopold et al. (2013) showed that thanarinastand, with its intermediate position in the tidahe,

was the preferential zone for the development oBMBecause i) the canopy cover was not dense and
enabled solar radiation to reach the soil andlgpl soil water content, not immerged all the tamel
never dry. In the present study, the surface sattimethe effluent-receiving\.marinastand had a

Chl-a concentration three times higher and a mamahbiomass, as well as a total abundance, twice
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as large as the control sediment, demonstratingntiheence of shrimp farming on this mangrove.
However, Chl-a concentrations never exceeded ahbhg above which, it is possible to consider an
eutrophication of the ecosystem, which is constsiétih previous results showing the light evolution
of the effluent-receiving mangrove (Molnar et a2013; 2014; Debenay et al., 2015). Thus,
microphytobenthos (MPB) biomass can be a good isciof shrimp farm effluents disturbance in

mangrove.

4.3.2.2 Complex interaction between meiofauna andiaorophytobenthos
Seasonal patterns in meiofaunal biomass mirroredptiiterns of microphytobenthic Chl-a

highlighting a possible causal trophic relationshgtually, most of meiofauna taxa are important
consumers of microphytobenthos (Nozais et al., P0@50pen areas, contradictory results have been
observed (Mirto et al., 2007). La Rosa et al. (30@ported that meiofaunal and microphytobentic
biomass increased synchronously in response taiargarichment under fish cages. At the opposite,
Vezzulli et al. (2003) reported that meiofauna atante was not correlated to the microphytobenthos
or that of bacteria. In our study site, Aschentlicét al. (2015) have shown that mangrove benthic
organic matter is qualitatively and quantitativelffected by shrimp farm effluent release and that
responses to environmental condition changed depend mangrove stand characteristics.
Additionally, it was demonstrated that i) the OMperted from the ponds stimulated oxygen demand
and nutrient regeneration rates in sediments otlitgest mangrove stand, resulting in large effuxe
of dissolved organic and inorganic nutrients ifite bverlying water, ii) benthic primary productivit

at sediment surface was enhanced, even after sisataan of the release, iii) microalgal communities
shifted (Aschenbroich et al., 2015; Molnar et 2013; 2014; Debenay et al., 2015). We thus suggest
that qualitative and quantitative changes in MPB daectly influence meiofauna development in
A.marina stand, however it is difficult to determine thespective influence of natural seasonal
evolution and effluents on MPB development. In famtphic interaction between different benthic
components as organic matter quality (carbohydraiesteins, lipids, Chl-a contents), meiofauna,

bacteria and protozoa are very complex (Danovaab.€2004; Vezzulli et al., 2003).
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5. Conclusions

This study suggests that abundance, biomass dnddnal mass of meiofauna taxa rather
vary according mangrove zonation than under tHaente of shrimp farm effluents. Meiofauna sea-
land gradients cannot be attributed to an everftuale effect of shrimp farm wastes but rather to
different biogeochemical properties of sedimenthiged by different mangrove roots systems and/or
length of tidal immersion. ThRhizophorastand was characterized by the highest meiofaiomaass,
however the stand with the largest ecological edewas theA.marinastand, which harbored both
higher meiofaunal abundance and higher microphyiibiie biomass. We suggest that the meiofauna
development was linked to the quantity and quaiftthe MPB, which were driven both by the release
of effluents and the climatic seasonal evolutiohe Tact that the final drain of the shrimp ponds
occurred just before the seasonal temperaturedsersnduced a boosted algal bloom and meiofauna
development. It is thus difficult to conclude oretimfluence on releasing shrimp farm effluents on
meiofauna distribution in mangrove on a short teHowever, the long-term (25 years) effect of
effluents led to a situation where mangrove sedim@nesented higher meiofaunal abundance and
biomass that the control one, and more interestingere characterized by additional taxonomic
groups compared to the control site. Consequeatiy results suggest that semi-intensive farming in
the investigated system (FAO) has a low impact e @énvironnemental quality of the adjacent
mangrove. However, it does not seem appropriatextrapolate this result to all New Caledonian
farms, because the amount of effluents releaséldeiangrove per area unit, and the way they are
released may differ from one farm to another. i8prfarming is one of the main cause of mangrove
destruction worldwide, this study shows that otpsactices exist, and that mangrove and shrimp-

farming can co-exist.
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13 taxonomic groups of meiofauna were identified in mangrove sediments

M ei of auna abundance and biomass increased from the land side to the sea side

Meiof auna distribution was controlled by the mangrove zonation

Short term effect of aquaculture effluents on mei ofauna distribution were not evidenced

Long term effects were higher meiofauna diversity, abundance and biomass



