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Abstract

Periphyton is an additional food source in Africamd Asian brackish and freshwater
fish ponds. The present study was a preliminargssssent of periphyton development on
artificial substrates in temperate marine pond édifiects of submersion time, substrate type,
water depth, and total or partial sampling methaalghe quantity and quality of periphyton
collected, were evaluated. Four types of subs{itewooden poles, S: smooth fiber-glass
strips, m: mosquito screen (Imm-mesh) and M: garaggting (5mm-mesh)) were deployed
in a marine pond, and periphyton was collected ridb 30 days later. The total amount of
periphyton per substrate unit was collected as samaple or as 5 sub-samples. Results
showed that (i) periphyton biomass in a marine powedeased between day 15 and day 30,
(i) more periphyton was collected on mosquito saréhan on wooden poles, fiberglass strips
and garden netting, (iii) periphyton biomass insezh with submersion depth, (iv) sub-
sampling leads to an underestimate compared toenlnat sampling, and (v) a correction of
periphyton weight must be carried out considering dissolved inorganic salts present in
periphyton samples from marine and brackish powisole substrate unit sampling using a
tube and stopper is recommended to avoid underastim of periphyton development.
Finally, the autotrophic fraction in the periphytoommunities was very low compared to
periphyton developed on biodegradable substrateferiilized tropical ponds. Studies on
fertilization and use of biodegraded substrates. (long-time submerged wood) are

recommended to further optimize periphyton develepiin temperate marine ponds.

Key words: periphyton, fouling, artificial substaimarine pond, aquaculture
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1. Introduction

Periphyton refers to the entire complex of attaclegiatic biota on submerged
substrates, including associated non-attached mrmgarand detritus (van Dam et al., 2002).
This assemblage comprises bacteria, fungi, protopbgto and zoo-plankton, benthic
organisms and detritus (Azim et al.,, 2005). It ¢@ used as additional food in aquatic
production systems. Aquaculture based on periphytas originally derived from traditional
fishing methods known in Africa as Acadja (Welcomm872) and in Asia as Kathas and
Samarahs (Van Dam et al., 2002). Artificial sulissaare added into aquatic system to
enhance the food availability. This semi-extensaguaculture system is well known to
increase the production of fish (Ramestal., 1999; Umesht al., 1999; Azim et al. 2001a).
Although widely tested in freshwater fish cultufezim et al., 2005), the use of periphyton in
brackish or marine waters (van Dahal., 2002; Huchette and Beveridge, 2005; Khateton
al., 2007) is limited to shrimp (Bratvold and Broyy@001; Moss and Moss, 2004; Arnatl
al., 2006) and abalone cultures (Kawametral., 2005).

Variation of periphyton quantity and quality dedsron a range of factors such as (i)
submersion time (Azim and Aseada, 2005), (i) suabst type (Ramestet al., 1999;
Keshavanatlet al., 2001; Azinet al., 2002a), and (iii) light intensity and qial{Kirk 1994;
Goldsboroughet al., 2005). The latter is strongly influencedthg depth of the substrates
(Asaeda and Son 2000). Thus, Azetnal. (2001a, 2003b) waited minimum 2 weeks tovall
periphyton to develop on the substrates beforekstgcfishes. Keshavanatét al. (2001)
observed that fish production based on periphytepedds on artificial substrate type and
preferred to use bamboo rather than PVC pipesgarsane bagasse bundles when culturing
masheerTor khudree) fingerlings. Azimet al. (2001b, 2002a, 2004a) and Keshavaagati.
(2001) pooled several sub-samples of periphytotect®ld at equally spaced depths along

vertical substrates to analyse the composition @fippyton. This pooled sample was
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considered by these authors to represent the mmapasition of periphyton developed on
substrate, going from the photic zone close to dhdace to the aphotic zone above the
bottom.

The potential contributions of semi-extensive agltace to environmental protection
and restoration of coastal areas have been cleadggnised within EU policy. The
SEACASE program (Sustainable extensive and serensite coastal aquaculture system in
Southern Europe) was started in 2007 to develotaisable extensive and semi-extensive
coastal aquaculture systems in Southern Europe c@lgio et al., 2007). The present
SEACASE study is a preliminary assessment of thsilfdity to grow periphyton on artificial
substrates in temperate marine ponds. The effécdstonersion time, substrate type, water
depth, and total or partial sampling methods, oa dgmantity and quality of periphyton
collected, were evaluated. The goals of this stweye to identify (i) the best periphyton
substrate type and (i) a methodology of periphywampling for further studies on

periphyton-based marine aquaculture.

2. Materials and methods

2. 1. Experimental site and design

The experiment was carried out from 9 May till 812007 in a 200 frmarine pond
in the IFREMER-L’'Houmeau experimental facilitieecated on the Atlantic coast of France,
near La Rochelle. Four types of substrates werd t@ethis experiment (Fig. 1): (i) 2.5 cm
wide square wooden poles (fir tree: W), and 5 crdewstrips of (i) smooth fiber-glass (S),
mosquito screen (Imm-mesh; m) and (iv) garden nget{bmm-mesh; M). The mean

submersion depth of the substrates (x SE) was X&3F cm after 15 days of submersion
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whereas it was 66.3 = 4.6 cm after 30 submersigs.dehe mean submerged surface area (x
S.E.) was 713 £ 9.3 cm? and equal for each sukdype. Eleven poles or strips (called units)
of each substrate type were deployed in the ma@anel. The units were put 20 cm apart from
the closest other units in 4 parallel rows with uits each within a 1.0 m x 2.4 m plot,
randomly assigning the different unit types to dvailable locations. The different strip types
were suspended in the water column from iron bewesdfon a horizontal wooden frame
standing slightly above the surface on poles drivethe bottom, while the pole units were

standing in the sediment, under the iron bar.

Total sampling: Influence of substrate type and submersion time

On sampling days, four units of each substrate tygee randomly collected. All the
periphyton on each unit was collected. Sampling dase 15 (23 May 2007;:3%) and 30
days after submersion (4-5 June 200z TCollected units were not placed back. In tdal,

units were collected (4 units/type/date x 4 typ@sdates).

Sub-sampling: Influence of substrate type and submersion depth

At the end of the experiment4d), the remaining 3 units of each substrate type{W,
m, M) were sampled in a random order. The submeagea of each unit was divided in five
15-cm-segments starting from the bottom (Fig. 2&0-15 cm, 2: 15-30 cm, 3: 30-45 cm, 4:
45-60 cm, 5: 60-75 cm). Each 15-cm sub-sampleXite.5; Fig. 2a) was completely cleaned.
The order of the segment cleaning was randomlygasdifor each unit. Each sub-sample was
next separately stored. In total, 60 samples weleated (3 units/type x 4 types x 5 sub-

samples/unit).



Variation sources of marine periphyton 6

Total vs. sub-sampling: comparison of both sampling methods

Each 15-cm sub-sample was analysed separatelyavdtage periphyton composition
on each unit was calculated in two ways (Fig. 2b):
1. Per unit, the data of the five 15-cm sub-sampleso(b) were added together, to
represent the whole surface area (S-5), and
2. Per unit, the top (1: 0-15 cm), middle (3: 30-45)@nd bottom (5: 60-75 cm) sub-
samples were added together, and extrapolate@ total unit area (S-3).
These data were compared with the results of thelevbnit samples (T) collected on the
same day (30d). 28 data were thus used for eadi semparison ((4 units/types x 4 types) +
(S-3 or S-5 sampling method 3 units/type * 4 tyjpes)
Three units (one W, m and M) were incorrectly teelaand could not be included in the data

set. It explains why the total degree of freedors Waver than expected (Tables 1 through 3).

2.2. Sampling and storage

At Tisa and Tkos, Water temperature (°C), salinity, pH were meagusgth a multi-
parameter probe (HI9828 HANNA) at the water topchb of three sites in the pond, at 5:00
PM. Mean water temperature, salinity and pH (x $€je 24.4 + 0.76 °C, 32.2 + 0.14 ppt
and 8.1 £ 0.07 atddavs. 26.3 £ 0.93 °C, 32.9 + 0.14 ppt and 8.2 + @DFos. Mean oxygen
concentration (+ SE) was at 6.4 + 0.1 mpy(R2.8 + 2.2 %) Tsaand 6.9 + 0.1 mg.L(102.7 +
2.7%) at Boa. The water samples were collected immediately #fie probe recording. Means
of suspended matter (+ SE) and particulate orgawaitter were 13.7 + 1.04 mgtland 1.9 +

0.2 mg.L" respectively, affisa. The suspended matter was composed of 85.9 + Ocf %
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inorganic matter. At %, mean Chla was 5.3 * 0.31g.L™. Chlorophyll pigments included

15.2 £ 1.2 percent of Phaeophyén

Periphyton

The order and the location of collected units weiredomly assigned. Each unit was
sampled by putting a PVC tube (diameter of 6 cml@ &m of length) over it and closing it
with a 100 um-meshed stopper to avoid periphytes.ldhe length of the submerged part of
the collected substrate was measured in order ltulage the exact substrate area with
periphyton (cm?). Each unit was carefully and coetglly cleaned with fingers and a
toothbrush into a plastic flask with a fixed volurmg0.7 um-filtered sea-water (200 ml for
total unit samples and 40 ml for 15-cm sampled) n#dterial from the inner part of the net of
meshed substrates was removed. Each sample wasuiesampled using a Motoda box-
splitter (Motoda, 1959): 1/8 part was stored inaakdbox at - 20°C for Chlanalysis, 7/16
parts were stored with 4% formalin for taxonomialgsis, and 7/16 parts were used for

periphyton weight analyses, putting it directlypire-weighted box at 60°C.

2.3. Sample analyses

Dry weight and Ash free dry weight

Periphyton samples were dried at 60°C for 72h, heig(DW: dry weight), and burned for 4h

at 450°C to calculate the ash-free dry weight (AFBYerset al., 1978). DW, AFDW and

the weight of ash (ASH) were measured to the neafEsg with an AE240 Mettler Toledo

Balance. As filtered sea-water was used to cledts,ufsalt correction” was applied on
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periphyton weight. The effects of added filteredwsater (7/16 of 200ml or 40 ml according
to the type of sampling) on DW, ASH and AFDW ofipayton were determined considering
the salinity of the cleaning water and the corresiig calibration curves (DW (g1) = 1.17
Salinity (R=0.99), ASH (g.[}) = 0.94 Salinity (R=0.99), and AFDW (g.L}) = 0.23 Salinity
(R°=0.96). These equations were established usinglmas®W, AFDW and ASH content of
three replicates of 0.gm-filtered water in which the salinity was either 1D.7, 20.4, 28,
28.7, 36.37, 36.42, 38.03, 38.12, 40.17 or 40.38 Ppa-water (28 to 40) was collected in
marine ponds. Water in which the salinity rangexinfrl0 to 20 corresponded to diluted sea
water by Milli-Q water (O ppt).

Values were reported to the total sample volum® @040 ml) and to the total length of the

unit. DW, ASH and AFDW were thus expressed in m¢g.cm

Chlorophyll a and Phaeophytin a

Chlorophyll a (Chl a) and phaeophytira (Phaeoa) observed in periphyton were
determined with a Turner TD 700 fluorometer aft8riburs of acetone extraction at 4°C in
the dark without and with acidification. Nine ml @D0% acetone were added to 1 ml-
periphyton as could performed Azim’s te@h.C.J. Verdegem, Pers. Com.). Ghéind Phaeo
a data were reported to the total sample volume (080 ml) and to the total length of the
unit. Values were expressed in pgZfor periphyton. The ratio of phaeophytin vs. sufm o
chlorophyll pigments was also calculated as (Ple@gPhaea + Chla)* and expressed in %
(% Phaea). The autotrophic index (Al) was calculated asDAF (mg.cnt)/ Chla (ug.cny)

* 1000 pg/mg (APHA 1992).

2.4. Satistical analyses
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The assumptions of normality and homoscedasticiéyewevaluated using Shapiro-
Wilk (Shapiro and Wilk, 1965) and Brown-Forsytherg®n and Forsythe, 1974) tests,
respectively. When required, data were transformoedatisfy both assumptions. ANOVAs
were next performed to test the influence of (Dreersion time (TIME), (ii) substrate type
(TYPE), (iii) submersion depth (DEPTH), (iv) sanmgimethod (SAMPLING), and (v) their
interactions on periphyton DW, AFDW, Ch|l Phaeo a%Phaeca and Al. Tukey’'s HSD
(honestly significant differences) pairwise mukiglomparison tests were used to identify the

differences when a source of variation was sigaifiqP < 0.05).

3. Results

3.1. Total sampling: Influence of submersion time and substrate type

According to the ANOVA results (Table 1), dry weighash free dry weight,
chlorophyll a and phaeophytia varied significantly among submersion time (TIMEgble
1). Means were greater atodthan at Ts.. Mean AFDW and Phaemwere more than twice
higher at Boa than at Tsa (DW: 6.3 mg.cnt vs. 2.3 mg.cri and Phaea: 0.2 pg.crifvs.0.1
ug.cn¥; Fig. 3a, b).

Substrate type (TYPE) significantly affected theoammt of periphyton collected in
terms of DW, AFDW, Chh and Phaea (Table 1). Tukey HSD tests revealed that means of
DW, AFDW, Chl a and Phaea were larger on mosquito screen (m) that on therothe
substrate types (M, S or W; Fig. 3c, d). Meanpdgrion DW and total chlorophyll pigment
varied between 3.4 and 6.4 mg:tifiFig. 3c) and between 0.5 and 1 pg’cmespectively,

among substrate types (Fig. 3d).
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The interaction of both factors (TYPE x TIME) wasignificant variation source of %
Phaeoa (Table 1). Relatively more Pha@owas present on mosquito screen at {Im-Tsod:
27.7%) than at ¢ (Mm-Tisa: 16.7%). In contrast, mean % Phaedid not significantly differ
over time on wooden poles (W), fiber-glass (S) gadden netting (M). Means (x SE) were
respectively 30.2 £ 0.9 %; 28.2 + 1.1 % and 18.7.6 %. At Tis¢, a higher % Phaea was
observed on smooth substrates (W, S) than on meststrates (m, M). Atsd, the % Phaeo
aobserved on wooden poles (W) was higher than athegamnetting (M).

The autotrophic index was significantly differeot the factors TYPE and TIME, and
showed a significant interaction (Table 1). The méaobserved on wooden poles (W) was
more than 6 times lower atisk (1554 + 410) than atsda (9449 + 1479). In contrast, the mean

Al observed on the other substrates (S, m, M) didvary over time.

3.2. Sub-sampling: Influence of substrate type and submersion depth

Chl a, % Phaea and the Al were significantly different among subtt type (Table
2). HSD tests showed that atod the Chla mean was greater on meshed substrates and
fiberglass than on wooden poles (m, M, S: 0.6 2Qud.cn?> W: 0.26 + 0.08 ug.cif). At
Tsoq, % Phaea varied such as W > S, M= M, m. The Al mean was almost three times
higher on wooden poles (W: 2815 + 816) than orother substrates (S, M, m: 939 + 299).
Periphyton DW, Chh and Phaea significantly changed with depth (DEPTH; Table
2). More periphyton was collected at 60-75 cm dejpthn at 0-15 cm depth (Fig. 4).
Respectively 2 and 12 times more DW and total dmbyll a was collected in the bottom 15
cm than at the top 15 cm. Mean differences betvgaenpling depths of DW and Phaao
were not statistically significant whereas mearenss to increasbetween 15 and 60 cm

depth. In contrast, CHd increased gradually with depth (Fig. 4b). The mAhiix SE) was
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more than three times larger in the top 15 cm (342602) than between 15 and 60 cm (900
* 260). The % Phaeadid not vary with depth whatever the type subst(@able 2) and was

25.7 £ 2.05%.

3.3. Total vs. sub-sampling: comparison of both sampling methods

Five sub-sampling

The mean DW, AFDW, Chh and Phaea differed significantly between sampling methods
(SAMPLING (S-5 vs. T); Table 3). Means were highath the total sampling (T) than the S-
5 sub-sampling method whatever the substrate tiyge ba, b). It was particularly right for
periphyton quantity rather than quality. DW and AWDdetermined through S-5 sampling
were 2 and 8 times, respectively lower than T meg@fg. 5a) whereas the mean of
chlorophyll pigment obtained with S-5 sampling esponded to 82.6% of means obtained

with total sampling T (Fig. 5b).

Three sub-sampling

Sampling was a significant source of variation@W and AFDW (SAMPLING (S-3
vs. T); Table 3). More DW and AFDW were measurethwatal sampling (T) than with the
S-3 sub-sampling method (Fig. 5a). As S-5 mear&n&ans of DW and AFDW were 2 and
8 times, respectively, lower than the T means (5&. In contrast, Cld and Phae@ means

did not significantly differ between S-3 and T (Fidp).

4. Discussion
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4.1. Marine periphyton and its variation sources

Marine periphyton

A thin mat of matter was observed on all the immeérsurface of the different types of
substrate after 15 days of submersion. The inocgémaction of periphyton (ASH) could
originate from trapping of suspended inorganicipkes. The latter would be favoured during
resuspension caused by wind driven turbulence aplpeworking around units during
sampling. The organic matter (AFDW) fraction origied from the accumulation of detritus,
bacteria, fungi, flora and fauna on substrates.gresence of photosynthetic pigments (€hl
and Phaeca) could indicate flora colonization of artificialulsstrates. The presence of
phaeophytira indicated that the flora observed was partly deégda(15 to 30 %). The mean
autotrophic index ranged between 250 (60-75 cmisedf mosquito screen at T30d) and
9450 (wooden poles atol). These high values indicate that the periphytmmained mainly
heterotrophic organisms and dead organic mattespesified by Huchettet al. (2000) for an
Al above 200In situ observations showed that periphyton was also coetpotdetritus and

small-sized organisms as harpacticoid copepodéRicet al., unpublished data).

Submersion time

A significant increase of periphyton DW, AFDW aptotosynthetic pigments was
shown on all substrate types. According to periphytolonization models (Hoaglarmd al.,
1982; Steinman, 1996), AFDW and Ghlevels increase exponentially until a biomass peak
Organisms at the base of the biofilm become ligitt autrient limited, eventually die and

detach from the substrate (Hanssginal.,, 1992; Asaedat al., 2000; Keshavanatt al.,
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2001a; Azim and Aseada, 2005). In this investiggtiperiphyton was still in its accretion
phase on day 30 on all substrate types. As noteagkat al. (2006), biofilm establishment
seems to be slower in marine than in freshwatexolild be better to wait a minimum of 4
weeks rather than 2 as Azehal. (2001a, 2003b) did in freshwater, beforeothticing fish in

marine periphyton-based ponds.

Substrate type

DW, AFDW, Chl a, Phaeoa and %Phae@ varied according to substrate type.
Keshavanatlet al. (2001) showed that biodegradable substcatel be more efficient than
synthetic substrates (eg. Bamboo vs. PVC tubesausec of the nutrient leaching that
occurred at the substrate-water interface (van Baal., 2002). In the same way, Anderson
and Underwood (1994) reported higher recruitment dpyfauna on plywood than on
fibreglass or aluminium substrates in an estuamycdntrast, periphyton biomass was not
larger on natural (i.e. wooden poles) than on {laess strips in this study. 30 days-
submersion time might have been too short to petondt significant nutrient leaching at the
interface of wooden poles. Nevertheless, the pgtgrhgrown on wooden poles contained
relative more phaeophytin (higher % Phagand non autotrophic matter (higher Al) than the
other substrates. The observed increase in Al cdade originated from uptake of
decomposition products from the wood.

More dry matter and Chd were found on meshed substrates (mosquito and ryanéshes)
than on smooth substrates (i.e. wood and fibersgld$he meshes might favour the trapping
of particles, in contrast to smooth surfaces. Mweep higher circulation of water and
nutrients across the meshed substrates could stenpkeriphyton growth and explain this

result.
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The substrate type could also influence the natfitbe heterotrophic associated community.
Richardet al. (2007) observed that mesh substrates, acaljure pens, offered appropriate
structures for infauna, a€orophium sp. whereas newly submerged smooth substrate,
favoured epifauna recruitment. In this study, sopwdychaete tubes were observed on
mosquito screen, but not on smooth substratesrégdts of this study indicate that more and

qualitatively better periphyton grew on mosquitcegn than on the other substrates.

Submersion depth

The light intensity and its spectral compositiorarmge with depth, influencing the
quality and type of flora (Boston and Hill, 1991améson, 1992; Kirk, 1994), as periphyton
(Goldsborougtet al., 2005). In contrast to the observations oifiAet al. (2002a), periphyton
DW and chlorophyll pigments increased with deptihis investigation. A decrease of the 10
cm-water level at 3q could explain why less periphyton was collectedlr@0-15 cm part of
substrates than on the deeper parts. Neverthéheslmwer chlorophyll pigment concentration
observed on the 15-60 cm part of substrates comparthe deeper part (60-75 cm) could be
due to a photo-inhibition processes, as Hanssa@2j1€uggested when periphyton @hvas
negatively correlated with light. Unfortunatelygtit incidence was not measured during this
study.

Maximal periphyton biomass could be observed whieeecombination of light and nutrient
are optimal (Hanssoat al., 2002). In this way, periphyton observedtioe deeper part of
substrates could have the advantage over the servaa on the surface part by benefiting
from nutrient released at the water-sediment iatexf Moreover it could benefit from

trapping suspended sediment and microphytobenttesept at the bottom of the pond.
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4.2. Comparisons

Sampling method

The sum of 3 samples taken between 0-15 cm, 30wara 60-75 cm (S-3 method)
led to comparable Cld and Phae@ means with the ones obtained with total samplifg (
That was not the case with S-5 method. NevertheleesDW and AFDW of the periphyton
collected with both sub-sampling methods (S-5 afR) &ere significantly lower than with
total sampling. The sub-sampling, especially the oh mesh substrates, necessitated extra
handling for cutting before periphyton collectioBach handling event results in losses,
making both the S-5 and S-3 methods less accuratewhole unit sampling. Total sampling
was easier and more periphyton was collected. fitdu studies, the total sampling method
will be preferred to sub-sampling one.

In this investigation, the use of 200 ml of filtdrealt-water for unit cleaning induced
over-estimation of periphyton weight. The DW, th&H and the AFDW added when
cleaning 750 cm?-periphyton substrate with 200 0.4 um seawater of 32.55 ppt were
respectively 10.1, 8.1 and 2 mg.:énThese values are very important compared to e¢age r
periphyton weight (Table 4), especially for DW af8H. Without the salt correction, ASH
would be more than 6 times greater than the rdakggwith correction) atifsand 3 times at
Tsos. Analysis of three blanks of cleaning water shdugdenvisaged at each sampling date in
subsequent studies. To avoid the salt correctimuse of milliQ water could be envisaged in
case where the determination of periphyton weightla/ be the only analysis to carry out on
the sampled unit. The periphyton fauna and flonalccte analysed from other units cleaned

with filtered seawater to avoid osmotic shock @& living cells.
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Periphyton in other aquatic systems

Absolute values which described the quantity dredquality of periphyton developed
on our substrates deployed in marine water wefferdiiit with the one observed mainly in
freshwater by others authors (Table 4). The meandb¥érved on our substrates reached 8.8
mg.cn” on mosquito screen m afod (Table 4). This is relatively high since 10 stisdoait of
13 found a DW < 5mg.cfh Maximal mean organic periphyton (AFDW) observadthis
study (4.5 mg.ci) was greater than means observed by others authoch generally did
not exceed 1 mg.chmwith the exception of Azinet al., 2002b (Table 4). In contrast to this
investigation, in most of the cited studies, peyiph substrates are simply removed from the
water causing probably a lot of loosely attachethddost and could explain lower mean of
AFDW. The use of a tube with a stopper for substsgmpling is recommended to avoid
underestimation of periphyton development.

High autotrophic index of this investigation (Taldlewas induced by greater AFDW but also
by very low chlorophylla concentration observed on substrates (0.4 to §.6nif ; Fig. 3b).
Numerous studies observed Ghlevels above 10-15 pg.ci{Azim et al., 2001b,c, 2002a
2003a; Keshavanatht al., 2001; Table 4). Low periphyton concentmatmuld originate
partly from the use of inert substrate (Huchettale2000; Azim et al. 2003b; Liboriussen
and Jeppesen, 2006; This study: Table 4) ratherrnb#ient-leaching substrate (Azenal.,
2001b, 2002a, 2002b). Nevertheless, others factolddnfluence the primary productivity,
such as temperature, light and nutrient availabfliiboriussen and Jeppesen, 2005; Vermaat
et al., 2005). The high densities of periphytororded by Azimet al. (2001b, 2002a, 2002b)
and Keshavanatét al. (2001) were observed in tropical ponds in@adesh and India with
more light and higher temperatures than in tempepainds in France, in the Netherlands

(Azim et al., 2003b) or Denmark (Liboriussen and Jeppe?@06). It is the same in water
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column where mean Chlwas above 200 pglin Bengali fresh ponds (Azim et al. 2002b),
whereas it was 5 pgLin our temperate marine pond. Productivity in ffineater is generally
higher than in marine water. However, the pondsewertilized with urea, manure, food in
most studies listed in Table 4 whereas our pondneagertilized. Azimet al. (2001c, 2003a)
showed that periphyton biomass increased with asing fertilization rate up to a maximum.
Thus, in future studies, as part of EU policy oViemsnmental protection and restoration of
coastal areas, fertilized effluents of intensivarfa could be used to maximise periphyton

production and the associated production of herbi®fishes.

The present investigation showed that (i) periphytmomass in a marine pond
increased between day 15 and day 30, (ii) morgpgion was collected on mosquito screen
than on wooden poles, fiberglass strips or garddting, (iii) periphyton biomass increased
with water depth submersion, (iv) sub-sampling rodth underestimated periphyton
development compared to whole unit sampling, anda(eorrection of periphyton biomass
must be carried out for the dissolved inorganid¢ssptesent in marine or brackish systems
using blank weight of cleaning salt filtered waf€he use of a tube with stopper for substrate
sampling will reduce periphyton sampling lossesialy, the autotrophic fraction in the
periphyton communities was very low compared tdpbgton developed on biodegradable
substrates used in fish cultures in fertilized itapponds. Thus, pond fertilization and use of
biodegraded substrates (i.e. long-time submergeddjvahould be envisaged in further

studies on periphyton-based marine aguaculturempérate regions.
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Tables

Table 1

Results of analyses of variance (ANOVAS) testing #ifect of substrate type (TYPE: W:
wooden poles, S: fiber-glass strip, m: mosquit@eaar M: garden netting), submersion time
(TIME: Tis4, Taod) and their interactions on periphyton dry weidbW\(), ash free dry weight
(AFDW), Chlorophylla (Chl a), Phaeophytin (Phaer), % Phaea (Phaeca.(Chla + Phaeo
a)") and autotrophic index (Al: AFDW.ChI*aobserved on collected substrates. df: degrees

of freedom, MS: mean square, F: Fischer, * P <,0:0P < 0.01, ** P < 0.001

variation e s P MS F P MS F P
source

log DW log (AFDW + 1) Al
TYPE 30473 6.71 0.0022 ** 0.552 6.790.002:** 2E+07 8.48 0.0006 ***
TIME 1 7.521 106.71< 0.000: *** 6.244 76.86 < 0.000:*** 1E+08 32.82 < 0.000: ***
TYPEXTIME 3 0.197 2.79 0.064: 0.119 1.46 0.252¢ 2E+07 6.00 0.003¢**
Error 22 0.07( 0.081 3E+0¢

Chla Phaeoa % Phaeoa
TYPE 3 0.157 15.89 <0.0001 *** 0.013 6.46 0.0025* 217.81.9® < 0.0001 ***
TIME 1 0.202 20.43 0.000:** 0.105 52.08 < 0.000:** 119.05 11.47 0.002t**
TYPEXTIME 3 0.02¢ 2.82 0.061: 0.00¢ 1.8¢ 0.164: 53.4(C 5.14 0.007:**

Error 23 0.010 0.002 10.38
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Table 2

Results of ANOVAs testing the effect of substrateet (TYPE: W: wooden poles, S: fiber-
glass strips, m: mosquito screen, M: garden negttgigomersion depth (DEPTH: 1: 0-15 cm;
2: 15-30 cm; 3: 30-45 cm, 4: 45-60 cm, 5: 60-75 amj their interactions on Periphyton dry
weight (DW), ash free dry weight (AFDW), chloroph{hl a), phaeophytin (Phae@ and

% Phaea (Phaea.(Chla + Phaem)™) and autotrophic index (Al: AFDW.Cla") observed

on collected substrates. df: degrees of freedoms@8 square, MS: mean square, F: Fischer,

*P <0.05, *P<0.01, " P <0.001

vanation 4 s P MS F P MS F P
SOUrce
v DW log (AFDW + 1) log Al
TYPE 3 0.02 0.21 0.8904 0.02 1.350.278¢ 3.21 6.38 0.0021 **
DEPTH 4 0.36 3.48 0.020:* 0.05 2.64 0.055¢ 3.72 7.40 0.000¢***
TYPE x DEPTF12 0.05 0.53 0.877¢ 0.01 0.79 0.656: 0.50 0.99 0.482:
Error 27 0.10 0.02 0.5C
log Chla log Phaeoa % Phaeoa
TYPE 3 1.87 21.56 <0.0001 ** 0.39 2.07 0.1255 375.89 20.80.6001 ***
DEPTH 4 8.02 92.26<0.000:** 7.76 40.86 < 0.000: ** 36.88 2.05 0.112¢
TYPE x DEPTH12 0.11 1.31 0.265¢ 0.25 1.32 0.258: 30.57 1.70 0.117¢

Error 30 0.09 0.19 18.01
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Table 3

Results of ANOVAs testing the effect of periphytsempling method (SAMPLING: T: total
vs. S-5: addition of all five sub-samples and v8: &ddition of three sub-samples 0: 0-15
cm, 3: 30-45, 5: 60-75 cm), substrate type (TYPEwW&oden poles, S: fiber-glass strips, m:
mosquito screen, M: garden netting) and their adgons on Periphyton dry weight (DW),
ash free dry weight (AFDW), Chlorophydl (Chl a) and phaeophytin (Phae) observed on
collected substrates. df: degrees of freedom, M&msquare, F: Fischer, * P < 0.05, ** P <

0.01, ** P <0.001

Variation df MS F P MS F P MS F P MS F P
source
log DW log AFDW Chla Phaeoa
SAMPLING (S-5vs. T) 1 3.838 74.62 < 0.0001 ** 24.383 180 < 0.000.** 0.08¢ 9.3C 0.006¢*  0.017 6.4€ 0.020¢ *
TYPE 30118 230 0.1124 0.626 3.360.041¢*  0.15€ 17.0¢ < 0.000°** 0.00¢ 3.0 0.053:
SAMPLING x TYPE 3 0.109 2.11 0.1342 0.454 244098  0.02¢ 3.0¢ 00537  0.007 2.67 0.078¢
Error 18 0.051 0.186 0.009 0.003
SAMPLING (S-3vs.T) 1 3.833 65.13 < 0.0001 ** 23.978 166.< 0.0001 ** 0.038 3.03 0.0986  0.008 2.94 0.1034
TYPE 30.129 2.19 0.124¢ 0.68C 3.3¢ 0.040¢*  0.19¢ 15.6] < 0.000:** 0.00¢ 3.3% 0.0421*
SAMPLING x TYPE 3 0.105 1.79 0.185¢ 0.36¢ 1.8/ 0.176:  0.02¢ 2.3/ 0.107¢  0.007 2.5 0.089¢

Error 18 0.059 0.200 0.012 0.003
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Table 4

Ranges of mean variables characterizing quantidycarality of periphyton developed on different s@nged substrates in natural and exploited

aquatic systems observed by different authors theeworld

Season Presence (+) and  Periphyton quantity Periphyton quality
References Location (date and range of Fertilization Substrate type absence (-) (range of mean (range of mean
temperature) of fish DW, AFDW mg.cm?)  Chl a, Phaeo pg.cri)
Boston and Hill 1991 American streams (16 to 22°C) NF Ceramic tiles an natural presence AFDW: 0.25t0 2.1 nd
natural rocks
Huchetteet al., 2000 Tilapia reared on floating March to May (29.5°C)  No fertilization (NF) Plastic bottle presence and AFDW: +: 0.5t0 0.9 Chla:+:1t015,-:1.2t02.8
cages in a Bengali fresh absence -:0.75t0 0.9 Al: 300 to 600
farm
Azim et al., 2001b Polyculture of carps in Sept to December Continuous fertilization Bamboo presence DW:0.7t0 2.5 Chla: 6.5t014.8
Bengali fresh ponds (75 m?) (23 to 33.7°C) (CF): * AFDW: 0.6 t0 0.8 Phaem: 1.7 10 6.6
Al :50to 90
Azim et al. 2001c Bengali fresh ponds (75 m?) Jlalgeptember (27.8 CF': 4 rates of * Bamboo absence DW: 0.5t05 Chla: 1to 16
to 33.1) AFDW: 0.5t0 3.3 Phaem: 0.1to 1
Al: 70 to 300
Keshavanatlet al., 2001 Masher fingerlings rearing Trial 1: May to June CF: Poultry manure + re- Bamboo, PVC, Trial 1: absence Trial 1: Trial 1:
in indian fresh water tanks (31.6°C) fertilization fortnightly sugarcane bagasse Trial 2: absence andDW: 0.5 to 1.9 Chla+ Phaea: 2.7 to 12.7
(2 5m?2) Trial 2: Dec. to March presence AFDW: 0.4t0 1.2 Trial 2:
(26.5°C) Trial 2: Chla+ Phaea: 0.6 to 25.7
DW:0.2t0 0.9 Al: 50 to 330
AFDW: 0.1t0 0.6
Azim et al., 2002a Polyculture of carpsin ~ April to September CF: * + Rice brain and Bamboo, Jutestick,  presence DW:0.5t04.5 Chl5to 18
Bengali fresh ponds (75 m?)(26.4 to 31.7°C) mustard oil cake Kanchi
Azim et al., 2002b Polyculture of carps in August to November CF: * Bamboo presence DW:2to 10 Chla: 10 to 45
Bengali fresh ponds (75 m?)(27.1 to 32.7 °C) AFDW: 2 to 6 Phaeaa: 1 to 30
Al: 100 to 350
Azim et al., 2003a Bengali fresh ponds (75 m?) [TriaMay to July CF: Trial 1: * Trial 1: Bamboo, absence DW: Trial 1: 2t0 5 Chla: Trial 1: 2.8 to 12
Trial 2: Aug to Trial 2: 3 levels of * Kanchi, Hizol Trial 2: 0.9 to 2.6 Trial 2: 1.4 to 11.4
September Trial 2: Bamboo
Azim et al., 2003b Tilapia rearing in fresh August to October CF: NaNO3 + single Glass slides presence and DW: +:0.2t00.4 Chla:+:0.5t02.5,-:1t05
tanks (1 ) in The (22.5°C) supersphosphate (SSP) each absence -:0.3t00.6 Al: 70 to 150
Netherlandans week AFDW: +: 0.05 t0 0.25
-:0.15t0 0.35
Azim et al., 2004a Polyculture of carps in December to April CF: * Bamboo presence DW: 1.75 to 3.75 nd
Bengali fresh ponds (75 m?)(17 to 28°C)
Azim et al., 2004b Polyculture of carps in June to November CF: * + rice bran and oil Bamboo presence DW:0.8to 7 nd
Bengali fresh station and (21 to 33°C) cake
farm ponds
Keshavanatlet al., 2004 Tilapia rearing in Indian  May to August Punctual fertilization at Bamboo presence DW: 0.1t00.35 Chla+ Phaea: 1to 4
fresh water tanks (25m?) (25 to 31) start: Poultry manure AFDW: 0.1t0 0.3
Liboriussen and JeppesenDanish lakes May to September NF Strips of Tape natural presence DW:1to2 £h.5t04
2006 (16 to 21°C)
Khatoon et al., 2007 Malaysian brackish water CF: TSP at start, daily Bamboo, PVC pipes, Presence of shrimp nd, 56 to 168 polychaetal a: 0.01 to 0.1
shrimp pond (30.1t0 33.3°C) shrimp pellets plastic sheet, fibrous tube.cn?
scrubber, ceramic tile
Richard et al. French marine pond May to June NF Four substrates absence DW:1.5t08.8 Chla: 0.4 t0 0.6
(This study) (24.4 t0 26.3°C) M, m, S, W) AFDW: 0.2t0 4.5 Phaem: 0.1t0 0.2

Al : 250 to 9450

*: Fortnightly cow manure, urea, Triple super phteste TSP, nd: no data
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Figures captions
Fig. 1: Pictures and schemes of the four typeseappyton substrate deployed in the marine
pond: a) wooden poles (W), b) fiber-glass strips 8 mosquito screen (m) and d) garden

netting (M)

Fig. 2: a) Scheme of sub-sampling of the submergydxs$trate surface carried out along the
submersion depth gradient, b) scheme of three mdstbbsampling (Total, 5 sub-samples, 3

sub-samples)

Fig. 3: Mean (x Standard Error) periphyton dry wei¢a, c) and chlorophyll pigment (b, d)
observed on substrates according to a, b) submetsize (TIME: Tisq, Tsod and c, d)
substrate type (TYPE: W: wooden poles, S: fibesglstrips, m: mosquito screen, M: garden
netting). Different letters indicate statisticatlifference among variation source. Lower cases
are linked to means represented by the bars didgttem (AFDW, Chla). Capital letters are
associated with DW and Phaaoneans

Fig. 4. Mean (x Standard Error) periphyton dry widga) and chlorophyll pigment (b)
observed on substrates according to the submedsiotth (DEPTH; 1: 0-15 cm; 2: 15-30 cm;
3: 30-45 cm, 4: 45-60 cm, 5: 60-75 cm). Differeettdrs indicate statistically difference
among depth. Lower cases are linked to means ek by the bars of the bottom (AFDW,

Chl a). Capital letters are associated with DW and Plaameans

Fig. 5: Mean (x Standard Error) periphyton dry viwiga) and chlorophyll pigment (b)
observed on substrates according to the samplinigatie(SAMPLING: S-5: addition of five
sub-samples; T: total sample; S-3: addition oé¢hsub-samples 0: 0-15 cm, 3: 30-45, 5: 60-
75 cm). Different letters indicate statisticallyffdrence among sampling method. Normal

letters are used for the T vs. S-5 comparison, edwitalic letters are used for the T vs. S-3
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comparison. Lower cases are linked to means rempexsdédy the bars of the bottom (AFDW,

Chl a). Capital letters are associated with DW and Plaameans
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