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CHAPTER II

MATERIAL AND METHODS

2.1
Sampling

At each sampling station four replicates cores were taken within an area 1.0 meters square, during low tide level in the intertidal zone, in August 1999, from which only two samples were used to analyse of the densities of the higher taxa of the meiobenthos (third meiobenthos replicate was not analysed) and the fourth sample was used to the sediment analysis.

Sampling was done using plastic cores of 3.2 cm internal diameter (10 cm2 in surface), 50 cm in length; and to a depth of 20 cm. 

At each site the water temperature was measured. The salinity was measurement with a  refractometer.
2.2
Fixation

The meiofauna samples were fixed with 4% formalin neutralized with Lithiumcarbonate (LiCO3). The solution of 4% formalin was prepared diluting 8% formalin with hot seawater (60 °C) previously filtered on a sieve of 62 µm. A hot solution of formalin was advised to prevent nematodes from coiling in order to get ease identification. 

For health safety, the exposure to formalin should be restricted to an absolute minimum, although there are some alternative ways of preserving samples, formalin is still the most reliable and easily manageable fixative (Giere & Thiel, 1988).

2.3
Laboratory treatments

2.3.1
Extraction

2.3.1.1
Decantation

The meiofauna samples were passed through a sieve of 1 mm mesh (to remove macrofauna and detritus) using a jet of water and collected in a 5-liter jar. The meiofauna was separated from fine sand by vigorously suspending them using a jet of water until the jar was full; the jar was let to stand for a few seconds to allow the sand particles to sink. Meiofauna was then decanted and collected on a 38 µm sieve. The resuspension and decantation procedure was repeated ten times to ensure that no organisms were left in the beaker.

2.3.1.2
Centrifugation

Metazoan meiofauna organisms were extracted from the sediment by centrifugation-flotation technique with Ludox, (Heip et al., 1985). The method consisted of the following procedure:

1
Rinse the sample retained on the 38 µm sieve with tap water to prevent flocculation of Ludox solution (mixed with 60% Ludox and 40% water, density = 1.18).

2
Bring the sample from the sieve in a 150 ml centrifugation tube. Add the Ludox solution.  Make sure that the tubes have the same weight.

3
Centrifuge at 1800 g for 10 min; remove the supernatant and add the Ludox solution in the tube again. The centrifugation is repeated three times.

The supernatant of the centrifuge is finally rinsed with tap water over a sieve of 38 µm for some time, to avoid Ludox with formalin to form a gel. The meiofauna is then collected in a small bottle, and 4% of neutral formalin is added again and stained one day before meiofauna counting with a few drops of 1% Rose Bengal solution for easy observation.

2.4
Counting

Meiofauna were enumerated and identified under the stereomicroscope (WILD MS) at a minimum of 250x magnification using a box with a grid of 10x10. Identifications were done for higher taxa only using the pictorial keys of Higgins & Thiel (1988).

2.5
Mounting

Two hundred nematodes from each replicate were randomly picked out and put into a cavity block and rinsed twice with tap water. The nematodes were transferred to a series of glycerol-ethanol solutions (De Grisse, 1969b).

Solution I:
formalin  (4%)

99 parts

glycerine

   1 part

Solution II:
ethanol (96%)

95 parts

glycerine

  5 parts

Solution III: ethanol (96%)

50 parts

glycerine

50 parts

The procedure was as follows:

1 Add 4 or 5 drops of Sol. I, in the container block. Put the block into a desiccator at 40°C for one night, filled with 96% ethanol containing CaSO4 granules. The alcohol slowly evaporated into the solution of formalin and glycerol of the block. 

2
The next morning take out the block, add 3-4 drops of a 5% glycerol-ethanol solution every two hours with a pipette for 3-4 times, let the cavity block partly covered and put in an oven at 40 °C.

3  Add Solution III in the block and keep it partly open at 40 °C for at least one day. All ethanol is evaporated and the nematodes then remain in pure glycerol.

2.6
Slide Preparation

Nematodes were mounted on Cobb aluminium slides (Cobb, 1917), which permit examination from both sides. On a cover slip placed on an aluminium frame, a ring of paraffin was made using a hot copper tube. A small drop of glycerine was added in the middle of paraffin ring. Between six and eleven nematodes of about the same size were placed in the glycerine drop. A second cover slip was placed on the first one and the slide was heated on a hot plate till the paraffin ring melted slightly then cooled so that the two cover slips stick together.

2.7
Sediment analysis

For granulometry the samples were dried at 60 °C. Grain size analysis of the sediment was performed on all samples. In this study, the coarse fraction was not sieved separately on a 1 mm sieve and measured but was present (grain size > 1000 µm). The sediment was analysed by means of a Coulter LS 100 instrument in the laboratory from the Department of Biology, University of Gent. Granulometric size (median diameter, contents of variable grain size), % sand, % silt, % clay, skewness and kurtosis were calculated. The skewness of a deposited sample in bulk is rather sensitive to the type of depositional environment.  

A positive skewness indicates preponderance of grain size fractions larger than the median diameter while in a sediment with a negative skeweness the finer fraction prevail.

The modified Wentworth size classification for grain size composition is used in this work.

Sediment
Name
Size (µm)
Phi (φ)

Sand
Very coarse sand

Coarse sand

Medium sand

Fine sand

Very fine sand
1000

500

250

125

63
  0

1.0

2.0

3.0

4.0

Mud
Coarse silt

Fine silt

Clay
32

4-32

< 4
5.0

6.0-8.0

        > 9.0

2.8
Measurement of Suspended Particular Matter (SPM) and Particular Organic Matter (POM). 

a)
Preparation of the filters

1 To dry the filters in the oven at 60 °C for 2-4 hours to extract the humidity.

2 Cool in the desiccator during 10 minutes

3 Weight in the balance, with a precision of  four decimals (g). Register the measure obtained DW (Dry Weight). Place inside the balance a melting pot with silicagel.

4 The filters obtained will be covered with aluminium paper and numbered outside. The numbering and corresponding value of the tarra is registered.

b)
Determination of SPM and POM values

At the field:

1 Stir strongly the recipient that contains the sample.

2 Filter a determined volume of water, which will depend of the amount of present solids. To avoid the filter to keep excess of sand (because it lost easily in the moment that the filter is drying). 

3 Take the filters (previously weight) using tweezers to do not touch them with the hands.

4 When the volume of water had been filtered, remove the filter and divided in four parts, avoiding does not lose the content. Place the filter again in their original numbering cover and add a label showing the date, place of sampling and volume filtered.

5 Put the filter in the freezer

At the laboratory:

SPM:

1 Dry the filter at the oven at 60 °C during 24 hours. Put inside of the desiccator and wait to cool (10 minutes).

2 Burn the melting pots at 550 °C for 2 hours to extract the possible organic matter. Put in the desiccator for 30 minutes until cool them.

3 Weight each melting pot. Introduce the filter carefully to place also the content of the cover and weight again. Do not touch the melting pot and the filter.

POM:

1 Immediately carry to burn at 550 °C for exactly 2 hours. Put at the desiccator and cool for 30 minutes.  

2 Weight.

3 The anterior weight subtracts x.xxxx (the amount obtained through assay at the laboratory to determine the organic matter content present in the new filters).

Recommendation: Repeat the procedure each time that a new box of filter is opened.  

Calculation: The register in the notebook will be for example:

# F
t filter
Station
Date
Vol.
t. crisol
c+f/ 60
c+f/550

2
0.0739
C24h1
19/2/00
500
12.0112
12.6474
12.6216

That corresponding to:

# F: 

number of filter

t filter: 

tarra of filter

Vol: 

volume filtered (in ml)

t. crisol: 
tarra of melting pot at 550ºC (g)

c+f/60: 
weight of crisol plus dry filter (g)

c+f/550: 
weight of crisol and  filter burned at 550 (g)

To obtain the values, the following formulas was used:

[(c+f/60) - (t. crisol) - (t filtro)]/ [Vol./1000] = SPM

[(c+f/60) - (c+f/550) - x.xxxx]/ [Vol./1000] = OPM.

The values were registered in a data base in excel.

2.9
Determination of Chlorophyll a
For the extraction procedure of chlorophyll from sediment samples, the method according to Lorenzen and Jeffrey (1980) with its possible error sources, e.g., interstitial water content of the samples, change of the concentration of the extractant acetone, acidification, influence of light and temperature, was discussed in detail by Wasmund (1984). The method described here is based on the sediment sample preparation technique from Wasmund and the spectrophotometric method described by Parsons et al. (1984) using the equations from Jeffrey and Humphrey (1975) for the determination of the chlorophylls. These equations proved to be the most reliable ones due to the intercalibration tests carried out by Lorenzen and Jeffrey (1980). The determination of the pheophytins is performed due the acidification technique from Riemann (1978) and the equations given by Parsons et al. (1984). 

A detailed description of the method, modified by Wasmund (1984) is given as follows:

1 Place a definite amount of sediment sample with known water content (e.g. 1 cm layers of the sediment core) into a mortar and homogenize by grinding.

2 Add 5-10 ml of acetone to get a final concentration of 90% with the interstitial water being taken into account, and homogenize again; cool with ice to minimize evaporation of aceton.

3 Transfer the resulting suspension into a centrifuge tube and centrifuge at 4000g for 30 minutes (for more complete pigment extraction store overnight in the dark prior to centrifugation)

4 Decant supernatant into a cuvet and measure extinction at the wavelengths given in the equations below.

Calculation: 

1 Measure absorbance at 664, 647 and 630 nm and calculate the chloropyll a content from the equations given by Jeffrey and Humphrey (1975):

Chloropyll a (µg/ml) = 11.85 E664 – 1.54 E647 – 0.08 E630 

2 Measure absorbance at 665 nm before after acidification for calculating chlorophyll a in relation to pheopigments:

Chloropyll a (mg/m3) =

  26.7 (E0 – Eo) x V


Vs x L

Pheopigments (mg/m3) =

26.7 (1.7 (Ea( - Eo) x V


Vs x L

Eo = absorbance before acidification at 665 nm

Ea = absorbance after acidification at 665 nm

V  = volume of water content of the samples plus acetone (100%) added

Vs = volume of sediment sample

L  = path length (cm) of the spectrophotometer cell

2.10
Nematode Identification


Nematodes were identified to genus level using the pictorial key by Platt & Warwick (1988). The identification up to species was done using the nematotheek maps from the Marine Biology Section of the University of Gent and other published work. Systematic was based mainly on Lorenzen (1994). 

The description of one new species (Gonionchus sp.n.) was done. Measurements were taken and drawings using a camera lucida microscope (Olympus CH30RF200).

Abbreviations used in the text.

a
   body length divided by maximum body width

b
   body length divided by pharyngeal length

c
   body length divided by tail length

c’
   tail length divides by anal body width 

abd 
   anal body diameter

am dist   amphid distance from the anterior end

am dia
   amphid diameter

cbd
   corresponding body diameter

gub
   gubernaculum

hd
   head diameter at the level of the cephalic setae.

L
   total body length

L’
   body length from the anterior end to anus

M
   maximum body diameter

Spic
   spicule length

V
   distance of vulva from anterior end to anus as a percentage of body length

v
   vulva distance from the anterior end to anus

Formula:

Distance from the anterior to:

cephalic seta           pharynx          Mid body/vulva          cloaca/anus








      


total length

                            corresponding body diameter

All measurements (not ratios) are in micrometers (µm) and all curved structures are measured along the arc.

2.11
Scanning Electronic Microscope (SEM)


SEM pictures showing the details of the external structures from the new specie Gonionchus sp.n. was prepared and operated by Rita Van Driessche from the Department of Biology, University of Gent.

Preparing  nematodes for scanning

Day 1

Morning:
1   Break open the slide and transfer al least 5 nematodes from the slide into a small drop of glycerine in embryo dish 1.

2   Add one drop of distilled water every half hour until the dish is filled for 3/4. 

3 Leave it for the rest of the morning.

Afternoon: 
1   Take another clean embryo dish, filled with four drops of distilled water and transfer the nematodes with a needle from dish 1 to dish 2.

2 Ultra-sonic treatment for removing particles, which might adhere to the nematodes is this for about 10 minutes. (This treatment was not made to Gonionchus sample).

3 Transfer the clean nematodes in a vessel, which is placed into an embryo dish with a thin layer of distilled water.

4 Introduce the vessel in the lowest ethanol concentration (25%) of the gradual deshydratation serie.

Day 2: 

1 Complete the deshydratation during the day (about each two hours, in 50%, 75%, 95% and 100% ethanol).

2 Before leaving the laboratory transfer the vessel for the second time into 100% ethanol to be sure that all the water is replaced by 100% ethanol. 

3 Keep the nematodes into 100% ethanol during the night.

Day 3:

1 To avoid collapsing of the nematodes during the drying process use the critical drying method with CO2.

2 Prepare the specimen mount with self adhesive tape and a glass fibre, transfer the nematodes (neo by one) to the tube (or table) so that the head of the nematode lies on the glass fibre and can be studied en face view.

3  Prepare the specimen. The tube is than coated with gold.

Day 4:


The nematodes are now ready to be studied by the scanning electron microscope.

2.12
Statistical Analysis

2.12.1
Hill’s Diversity Numbers


Nematode genus diversity was measurement using  Hill’s diversity indices of the orders 0, 1, 2 and infinitive (Hill, 1973). Hill’s diversity numbers gives an estimate of diversity by giving more weight to the rare species in N0 towards stronger emphasis to the most dominant one (Ninf). 

N0 = Total number of species in the sample

N1 = exp (H’), where H’ = -(pi ln(pi)

pi  = relative abundance (%) of each species (genus)

H’ = Shannon-Wiener diversity index

N2 = 1/SI, where SI = (pi2
SI = Simpson’s dominance index

Ninf = 1/max(pi)

2.12.2
k-dominance curve

Shaw et al. (1983) suggested a representation of species abundance patterns that indicates dominance and appears to be changed by pollution. The Ranked Species Abundance (RSA) curves are considered the combined dominance of the k most abundant species. Plotting k-dominance (cumulative relative abundance) against species rank, so called k-dominance curve was proposed by Lambshead et al. (1983). In the graph, one can compare several assemblages at once. The curve located at highest position is the lowest in diversity; whereas the lowest position curve is the most diverse compared with the upper curves.

2.12.3
Feeding types


Nematodes were classified into four feeding categories, based on the structure of the buccal cavity (Wieser, 1953).

Group 1: buccal cavity without armature.

1A
Selective deposit-feeders, nematodes with small or absent buccal cavity.

1B
Non-selective deposit-feeders, nematodes with buccal cavity of moderate size. 
Group 2: buccal cavity with armature.

2A
Epistratum-feeders, species with small to medium sized buccal cavity, with small teeth.

2B
Predators, nematodes with wide buccal cavity, armed with large teeth. 

2.12.4
Population structure

Nematodes were classified in three groups: juveniles, males and females.

2.12.5
Classification (TWINSPAN)


Two Way Indicator Species Analysis (TWINSPAN), was used to determine the similarity of the station groups based on their species composition (Hill, 1979). Classification involves arranging objects into groups setting them apart from the members of other groups. TWINSPAN is a polythetic divisive method, which first constructs a classification of the samples, and then uses this classification to obtain a classification of the species according to their ecological preference. The two classifications are made together to obtain an ordered two-way table that empresses the species synecological relations as succinctly as possible (Hill, 1979). The quantitative aspect of species abundance is handled by the introduction of pseudo-species. Each pseudo-species defined by a minimum abundance (cut level), the more high cut level is. The typical product of classification is a graph called TWINSPAN-dendogram. For nematodes, the data based on genus level was analyzed.

2.12.6
Ordination


Ordination is a multivariate technique that arranges sites on the basis of data on species (genera) composition. The aim of the ordination is to arrange points in two or more dimensions (axes), such that points that are close together correspond to sites that are similar in species composition, and sites that are far apart correspond to sites that are dissimilar in species composition.

Principal Components Analysis (PCA) was used in order to try and explain the variations obtained in species distribution in combination with environmental variables. 

PCA is the basic eigenanalysis technique. The background is that for most of the species only a small part of their usual habitat is sampled, or that the species abundance changes linearly with the change in the environment. It is an indirect technique in which the environmental variables can only be correlated with the sample scores a posteriori. The ordination of the main matrix (by reciprocal averaging) is constrained by multiple regression on variables included in the second matrix. In community ecology, this means that the ordination of samples and species is constrained by their relationships to environmental variables.. The environmental variables are often represented as lines radiating from the centroid of the ordination. The longer the environmental line the stronger the relationship of that variable with the community. The position of species points relative to the environmental lines can be used to interpret their relationships. The co-ordinates for the environmental points are based on the correlation between the environmental variables and the ordination axes, weighted by the eigenvalues of those axes. Eigenvalue represents the variance in the community matrix that is attributed to a particular axis (Ter Braak, 1988).

In this work, the abundance of meiofauna and nematode genera was used in PCA, and also the data of the water temperature, salinity, chlorophyll a, SPM, POM and sedimentological characteristics. The ordination reflects the major relationships between the meiofauna taxa, nematode genus, and/or stations and their environmental factors.
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