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STELLINGEN

Bioturbatie of "het omwerken" is het belangrijkste mechanisme waarmee
nematoden de bacteriéle activiteit en daarmee ook de afbraak van orga-
nisch materiaal kunnen stimuleren.

Dit proefschrift

De totale nematodenpopulatie die aanwezig is op schorren wordt ernstig
onderschat als alleen in het sediment naar nematoden wordt gezocht.
Dit Proefschrift

Als de verhouding tussen bacteriedtende nematoden en schimmeletende

nematoden de verhonding weergeeft van bacteriéle afbraak vam Spartina

anglica en afbraak door schimmels dan wordt, in tegenstelling tot wat

algemeen wordt aangenomen, S. anglica vooral door bacterién afgebroken.
Newell 5.Y., RD. Fallon & J.D. Miller, 1989. Mar. Biol. 101: 471-
481

Nu Nederland 1id is van het Scientific Committee on Antarctic Research
(SCAR) zouden de onderzoeksinspanningen van Nederlandse onderzoeks-
instituten in Antarctica een structureel karakter moeten krijgen.

Het is beter om ’comespondence analysis’ te gebruiken, en de tekortko-
mingen van deze multivariate analyse methode voor lief te nemen, dan
gebruik te maken van ’detrended comrespondence analysis’, omdat er geen
ondubbelzinnige procedure bestaat waarop ’demrending’ kan worden
uitgevoerd.

Jackson, D.A. & K.M. Somers, 1991. Am. Nat. 137: 704-712

Het is opvallend dat er bij het bemonsteren van mariene nematoden
nauwelijks aandacht wordt besteed aan de grote variabiliteit op korte
afstand, terwijl dit bij het bemonsteren van terrestrische nematoden
gemeengoed is.

Huys R, P.JM. Herman, CH.R. Heip, & K. Soetaert, 1992.

ICES J. mar. Sci. 49: 23-44;

Southey J.F., 1986. Reference book 402, Crown, London
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Kraamverzorg(stjers worden ondergewaardeerd in hun functie als onder-
wijsgevenden aan Quders in Opleiding (OIQ's)

De fixatie van veel vegetatickundigen op het indelen van vegetaties in
zogenaamde plantengemeenschappen heeft geleid tot verminderde aan-
dacht voor de reactie van individuele plantensoorten op milienveranderin-
gen.
Schaminée J.H.J., 1993. proefschrift, Katholieke Universiteit
Nijmegen

Experimenten in de ecologie kunnen vaak met minder inspanning even-
veel of meer opleveren indien vooraf de methoden voor de statistische
analyse worden vastgelegd.

Het invoeren van 'Good Laboratory Practice’ (GLP) leidt in ieder geval
tot een vitbreiding van de papier consumptie van een instituut.

Stellingen behorend bij het proefschrift van Rob Alkemade: Nematodes and
decomposition in intertidal ecosystems.
Wageningen, 14 september 1993




VOORWOORD

Dit proefschrift is het resultaat van bijna vier jaar onderzoek naar de rol van
nematoden in decompositic processen aan het Centrum voor Mariene en
Estuariene QOecologie van het Nederlands Instituut voor Oecologisch Onderzoek.
Het onderzoek wat op King George Island, Antarctica heeft plaatsgevonden en
onderdeel vitmaakt van dit proefschrift is uitgevoerd tijdens de Nederlandse
Antarctica expeditie van 1990-1991. Deze expeditie werd georganiseerd door de
Stichting Onderzoek der Zee en gefinancierd door het Ministerie van Volkshuis-
vesting, Ruimtelijke Ordening en Milieuhygiéne.

Natuurlijk kon dit onderzoek nooit uitgevoerd en voltooid worden zonder de
inspanning van vele anderen. Zonder iemand binnen en buiten het CEMO te
kort te willen doen wil ik enkelen met name noemen.

Dr. Marten Hemminga was, als begeleider, vanaf het begin betrokken bij dit
onderzoek. Marten, dankzij jou heb ik een snelle start kunnen maken en de vaart
erin kunnen houden. De grondige manier waarop jij mijn stukken doornam
gaven steeds aanleiding tot nieuwe discussies, wat de kwaliteit van dit proef-
schrift zeer ten goede kwam, hiervoor grote dank, Samen met Annette Wielema-
ker-van den Dool zijn de meeste experimenten uitgevoerd. Annette, jou wil ik
bedanken voor je grote inzet bij de meest uiteenlopende experimenten en de
opbouwende manier waarop je meedacht bij de opzet van het onderzoek.

Verder wil ik Pieter van Rijswijk, Adrie Sandee, Drs. Loes de Jong, Dr. Peter
Herman, Joop Nieuwenhuize en Dr. Magda Vincx bedanken voor hun bijdragen.
Pieter, de tijd die we samen op King George Island doorbrachten vergeet ik niet
gauw meer. Adrie, zonder jou had ik het werk met de micro-electroden wel
kunnen vergeten. Loes, jouw inzicht was onmisbaar bij de interpretatie van de
microbiologische processen in het sediment. Peter, na één uwur discussiéren met
jou zat er weer richting in de opbouw van de modellen of waren gegevens die
onbruikbaar leken, weer volledig inpasbaar. Joop, bij jou konden we altijd
terecht wanneer er technische problemen ontstonden bij de gasmetingen. Magda,
jou wil ik bedanken voor de plezierige manier waarop je mij ontving in Gent en
het geduld waarmee je behulpzaam was bij het op naam brengen van nemato-
den.

Alle leden van de werkgroep Litorale Vegetaties van het CEMO wil ik bedan-



ken voor de plezierige sfeer waarin gewerkt kon worden. De collega’s van het
CEMO zorgden ervoor dat ik iedere ochtend met plezier de reis van Rotterdam
naar Yerseke aanvaardde.

Mijn promotor Prof. Dr. Ir. AF. van der Wal volgde het onderzoek met grote
belangstelling. Ton, ik wil je bedanken voor de prettige en ontspannen manier
waarop de teksten besproken werden. De discussies met jou en Marten leidde
altijd tot meer samenhang tussen de verschillende onderdelen.

Tenslotte wil ik Katrien bedanken. Ik denk dat dit proefschrift er nog lang niet
gelegen had, wanneer jij niet ook met een proefschrift bezig was. Omdat jij ook
in het weekend veel tijd besteedde aan je onderzoek kon ik niet achterblijven.

Rob Alkemade
22 juni 1993
Rotterdam
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Temperate salt marshes belong to the most productive natural vegetations in the
world (Odum 1971; Long and Mason, 1983). An annual above-ground produc-
tion of more than 1 kg dry weight per m® per year is not exceptional (De Leeuw
& Buth, 1991). Only a few percent of the annual production is consumed by
herbivores, the major proportion of the above-ground plant parts dies after
senescence. By far the greatest part of the resulting plant litter decomposes at
the production site. Export of plant detrital matter from coastal and estuarine salt
marshes of the Netherlands probably is insignificant (Hemminga et al., 1992,
1993).

Decomposition of dead plant material is primarily a microbial process, in which
fungi and bacteria, as heterotrophic organisms, play a dominant role. The rate of
decomposition depends mainly on the chemical composition of the detritus (Va-
liela et al., 1985; Hemminga and Buth, 1991), but also on many other factors,
such as temperature and humidity (Christian, 1984; Newell et al., 1985). The
micro- and meiofauna, feeding on the microbial decomposers may, indirectly,
influence the decomposition process as well.

In marine sediments, nematodes are by far the most abundant group of metazo-
ans, especially when large amounts of organic matter are available. Nematodes
are found in high numbers on decomposing material of salt marsh plants (e.g.
Buth & de Wolf, 1985; Montagna & Ruber, 1980). However, in spite of their
abundance, little is known about the ecological role of these nematodes. The
stady of free living nematodes in the marine environment was until recently
primarily dedicated to taxonomic aspects, but a large progress with regard to the
knowledge of the functioning of nematodes in marine ecosystems was achieved
during the last two decades (Heip et al., 1992). A possible stimulatory role of
nematodes in regeneration of nutrients and decomposition was already suggested
by Johannes (1965). In the late seventies, early eighties several authors empha-
sized the importance of nematodes in marine benthic ecosystems and suggested
several working mechanisms on which nematodes may be able to stimulate
decomposition processes (Gerlach, 1978; Riemann and Schrage, 1978; Tietjen,
1980; Lee 1980). Experimental evidence of a possible stimulatory effect by the
decomposition rate of macrophyte derived detritus by microbivorous nematodes
was first reported by Findlay & Tenore (1982).
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The present study is focused on aspecis of the ecology and the population
dynamics of microbivorous nematodes present on decomposing plant material
and the role of these nematodes in decomposition processes. The major part of
this study is dedicated to nematodes associated with decomposing, above-ground
parts of Spartina anglica. 8. anglica is found in the lower zones in Western
European salt marshes. This vegetation is flooded frequently, so the tide is an
important factor for the decomposition of Spartina and the ecology of its associ-
ated nematodes.

Not all nematodes found on decaying Sparting litter will have an influence on
the decomposition process. Many species presumably are present because the
litter offers a living space. In chapter I a study is presented on the identification
of the nematodes which are probably of importance to the decomposition pro-
cess.

One of the nematodes identified in the first chapter is Diplolaimelloides bruciei.
This nematode was found abundantly on all plant parts of the standing plants of
S. anglica. Since these plants often are partially submerged by flood tides, the
population is continually at risk of washing away. The population dynamics of
D. bruciei on standing dead Spartina plant parts are studied in chapter I1.

In chapter III, a study is reported on a similar association between nematodes
and macrophyte derived detritus in an entirely different ecosystem. Large
amounts of seaweed wrack are washed ashore on Antarctic beaches. The
nematode population densities and the decomposition rate of the seaweed
detritus were related to seaweed- and location characteristics, such as the carbon
to nitrogen ratio, the salinity and the presence of meit water streams.

The effect of bacterivorous nematodes on the decomposition of Spartina detritus
was investigated in a series of laboratory experiments reported in the chapters
IV and V. The effect of Diplolaimelloides bruciei on the decomposition of
leaves was investigated by measuring weight losses as well as the production of
CO, in the presence and absence of the nematodes. The decomposition of
organic matter in the upper layer of the sediment was studied in the presence of
Diplolaimella dievengatensis, a sediment dwelling nematode. The abundance of
this species was also found to be positively correlated with decomposition rates,
as is shown in chapter I. Bioturbation effects of these nematodes were deter-
mined by measurements of both O, uptake and O, micro-gradients into the sedi-
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ment. Simultaneous measurements of CO, production, O, consumption and the
O, micro-gradients were used to estimate the contribution of bioturbation to the
mineralization of organic substrate in the sediment (chapter V).

Microbivorous nematodes stimulate decomposition under certain circumstances,
but not always, as was shown by data in our study and those of the literature. A
simulation model was constructed and used to investigate the possible mecha-
nisms by which nematodes affect the decomposition process {(chapter VI). The
validity of the model was verified by the use of laboratory and field data on the
decomposition of §. anglica.



CHAPTER ONE

The correlation between nematode abundance and decomposition rate of
Spartina anglica leaves

R. Alkemade, A. Wielemaker, M.A. Hemminga

Submitted to: Marine Ecology Progress Series
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ABSTRACT

Dead Sparfina anglica leaves which are not washed away by the tides, decom-
pose in the canopy as standing dead crop, or decompose on the sediment-
surface. In the sediment many nematode species are present, which may
colonize the Spartina litter. Some of these species may affect the decomposition
of Spartina detritus. To identify these nematode species a field experiment was
carried out. Small mesh containers filled with green or aged Spartina leaves to
obtain different decomposition rates. The containers were placed in the Stroo-
dorpepolder salt marsh in the QOosterschelde, a tidal inlet of the Southern North
Sea. After 3 months the containers were collected and nematodes were counted
and identified. The experiment was repeated in four subsequent seasons.

Fifty-nine nematode species were found in the containers; most of the species
were found in all treatments. Total numbers of nematodes did not differ among
treatments. Using multivariate analysis (RDA), however, we found differences of
nematode community structure between the weatments. Bacterivorous
nematodes, particularly monhysterid species, prevailed in the containers with the
highest decomposition rates. A positive correlation was found between decom-
position rate and the numbers of Diplolaimella dievengatensis in spring, summer
and auwtumn. The numbers of Diplolaimelloides bruciei, Monhystera parva,
Desmolaimus zeelandicus and Theristus acer showed positive correlations with
decomposition rates in one or two of these seasons. In winter no significant
correlations were found. Thus, of the 59 nematode species present in the litter
the abundances of only 5 species seemed to be affected by decomposition rate
of the litter. It is suggested that these nematode species primarily react to the
increased microbial activity coinciding with higher decomposition rates. In
addition, these species may further enhance the microbial decomposer activity.

INTRODUCTION

Spartina anglica is a common halophyte of the lower zones of Western Euro-
pean salt marshes. Dead above-ground material of S. anglica, which is not
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removed by the tides, either decomposes in the canopy, or on the sediment sur-
face. Recent studies on the decomposition of Spartina material on the sediment
surface showed that litter-associated nematodes are always found in high
numbers (Montagna & Ruber, 1980; Reice & Stiven, 1983; Buth & de Wolf,
1985; Hemminga & Buth, 1991). A correlation between total nematode densities
and decomposition rates, however, could not be established (Reice & Stiven,
1983; Buth & de Wolf, 1985). In these studies nematodes were considered as
one taxon, which masks possible differences between individual species with
respect to their dependence of, or their role in litter decomposition. The number
of specimens of those species, that feed on microbial decomposers, presumably
is determined by the decomposition rate, as at higher decomposition rates the
microbial production probably will be higher, thus providing more food to
microbial grazers.

In the present study, experiments were carried out to investigate changes in the
nematode community in relation to changing decomposition rates of §. anglica
leaf litter. An attempt was made to detect those nematode species, whose
numbers correlated with decomposition rate. Differences in decomposition rates
were obtained by using leaf litter of different ages. Decomposition rate
decreases during decomposition: the readily available substances, such as
proteins, sugars, etc. are lost first from the litter, leaving the more refractory
components, which decompose at much lower rates. Nematode densities are
subject to conspicuous seasonal fluctuations (Buth & de Wolf,1985; Vincx,
1989; Heip et al., 1985). Some species are found only in certain seasons. The
experiments, therefore, were repeated in all four seasons.

Redundancy analysis (RDA) was used to evaluate the relation between nematode
community structure and decomposition rates.
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MATERIAL AND METHODS
Leaf material

Green leaves of Spartina anglica were collected in the Stroodorpepolder salt
marsh in January 1988. This marsh is situated in the Qosterschelde, a tidal inlet
of the Southern North Sea. Immediately after harvesting, the leaves were washed
and cut into fragments of 2 cm. To obtain leaf litter of progressive decom-
position stages, the material was split into three portions. One part was im-
mediately dried at 50 °C (48 h) and stored. The other portions were aged for 2.5
months and 5 months, respectively, by putting the leaf fragments into a bag of
nylon gauze (2 mm mesh) and placing them, in the laboratory, in a tank on
sediment originating from the Stroodorpepolder salt marsh. The sediment was
flooded each day (3 h) with water from the Oosterschelde. The ambient tem-
perature ranged from 15 to 25 °C, the temperature of the flooding water ranged
from 15 to 20 °C. After 2.5 and 5 months part of the leaf-material was removed
and dried at 50°C for 48 h. A sample of leaf material was used for determining
the initial contents of carbon-, nitrogen and phosphate.

Experimental design

Mesh containers were filled with 5 g dry weight (DW) of one of the three types
of plant material. In addition, inert fragmented plastic drinking straws were used
in control treatments. The containers used were permeable, consisting of 2 cm
segments of perspex cylinders with a diameter of 7 cm, closed at both ends with
0.8 mm mesh gauze.

Four subsequent experiments were conducted at the same site in the
Stroodorpepolder salt marsh. The site (10 m®) was situated near the edge of the
marsh, where S. anglica forms a monospecific stand. In each experiment the
mesh containers were laid out in 5 randomized blocks, each block being a row
parallel to the marsh edge. Within the rows one container of each treatment was
pIacéd in random order on the sediment surface. The distance between the rows
and between the containers within a row was 0.5 m. The containers were ancho-
red by two wire wickets to the marsh sediment to prevent them from being
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washed away at high tide. The experiments started on March 15, June 20,
September 19 and December 20 (1988). At these dates sediment samples were
also collected to compare the number of nematodes in the upper sediment layer
with the number found in the containers. The field exposure time of the contai-
ners was three months. Containers with § months aged leaves were included
only in the summer, autumn and winter experiments.

Decomposition rate and chemical analyses

After retrieval of the mesh containers a small sample of the detritus was washed
with tap water and dried for chemical analysis. The remaining part of the
detritus was fixed with warm formalin at a final concentration of 4-5 %. After at
least 7 days the detritus was rinsed with tap-water over a household sieve (mesh
1.5 - 2 mm) to separate the leaf material from the sediment and nematodes. The
leaf material was retained on the sieve, whereas nematodes and sediment passed
through. The leaf material was dried and weighed.

Decomposition rates were calculated as the loss of dry weight of leaf material
from the mesh containers and expressed as g weight loss per 100 days, using a
negative exponential relation for extrapolation (cf. Swift et al., 1979). Carbon
and Nitrogen content of the samples were analyzed with a Carlo Erba CN-
analyzer, type 1500 A. Phosphate content was determined colorimetrically.

Nematodes

The nematodes were extracted using an Qostenbrink elutriator (Fricke, 1979; ’s
Jacob & van Bezooijen, 1986). The nematodes were recovered by passing the
suspension with nematodes (see above) through a series of four 45 pm mesh
sieves. The debris retained on the sieves was collected in 250 ml centrifugation
tubes with tap water. After centrifugation (5 min. at 3000 rpm) the supernatant
was discarded and the nematodes in the pellet were extracted by two repeated
centrifugation steps (1 min. at 3000 rpm) with a MgSO, solution (specific
gravity of 1.28).

Nematodes were counted and 250 individuals were identified to species level
using an inverted microscope.
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Statistical analysis

Seasonal and treatment differences of losses of weight, nitrogen, carbon and
phosphate and the total numbers of nematodes were evaluated using analysis of
variance. Redundancy analysis (RDA) was used to evaluate the relation between
the nematode community structure and the decomposition rate of the leaf
material. RDA is the canonical form of principal component analysis (Jongman
et al., 1987). Linearity between environmental gradients and species abundances
is assumed for RDA. Since the experiments were carried out on a limited
surface area, the environmental gradients were expected to be small. If gradients
are small, the assumption for linearity is not very stringent. (ter Braak &
Prentice, 1988; van der Meer, 1990). A log(X+1) transformation was used in
order to stabilize variances. The log-transformation implies that the assumption
of linearity between environmental variables and species abundances must hold
for the linearity between the variables and log-numbers. Decomposition rate was
included as the only independent variable. Corrections for seasonal effects and
effects which may arise from the row-position of the mesh container in the field
were made by taking them as covariables in the computer program CANOCO
(ter Braak, 1990). The result of the RDA then only describes the variation
explained by decomposition rate and the variation due to error terms. A Monte
Carlo permutation test was carried out to test the significance of decomposition
rate as the explaining variable. The species found to be correlated with decom-
position rate were analyzed in more detail by regression of the numbers per
individual species on the decomposition rate.

ANOVA and regression analyses were carried out with SYSTAT statistical
package (Wilkinson, 1990). RDA and the Monte Carlo permutation test were
carried out with CANOCO 3.10 (ter Braak, 1990}

RESULTS

After a few weeks of exposure in the field the leaf fragments were covered with
a layer of sediment in most of the containers. Since the Spartina vegetation was
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flooded frequently during the course of the experiments, no desiccation of the
sediment surface took place.
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Figure 1: Decomposition rates of Spartina anglica expressed as % losses of dry weights of litter
after 100 days. Means and standard deviations (n=5).

Decomposition rates

The decomposition rates of the three detrital types in the successive seasons are
shown in Figure 1. Statistically significant treatment and seasonal differences
were observed (P < 0.001). In all seasons decomposition rates of fresh leaves
were higher than those of the aged material (Tukey test; P < 0.05). The 2.5
months aged leaves decomposed slightly faster than the 5 months aged material,
but only in summer was this difference significant (Tukey test; P < 0.05). The
differences between the detrital types were most pronounced in the summer
season. The decomposition rates of the fresh leaves showed the most conspicu-
ous scasonal fluctuations, with the highest rates in summer and the Iowest rates
in winter. With respect to the fresh leaf material and to the 2.5 months aged
material differences in decomposition rates between the various seasons were
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nearly all significant (Tukey test; P < 0.05). Decomposition rates of the 5
months aged material were not significantly different between the seasons. No
weight losses from the inert material were observed.

Carbon, nitrogen and phosphate losses yielded similar patterns, the losses of
these nutrients were highly correlated with dry weight losses (Bonferroni P <
0.001; table 1). Carbon, nitrogen and phosphate losses were highest in summer
and lowest in winter. The losses of these nutrients were highest from fresh leaf-
material.

Table 1. Correlation coefficients between decomposition rates and nutrient losses; all coefficients are
significant (Bonferroni P < 0.001).

Dec. rate Carbon Nitrogen
Carbon 0.99
Nitrogen 0.93 0.94
Phosphate 092 0.94 093

Nematodes

The total number of nematodes found in the mesh containers showed clear
seasonal fluctuations (Table 2). The highest numbers were found in summer,
whereas the lowest numbers were present in autumn. The numbers found in the
mesh containers were in the same range as the numbers found in the upper layer
of the surrounding sediment. No statistical differences were found between the
treatments. Fifty-nine nematode species were found in the mesh containers (table
3). Most species are known from intertidal estuaries of the southern North sea.
(Vincx, 1986; Bouwman, 1983). The majority of these species are known to
feed on a variety of food sources. Carnivorous and omnivorous species are
represented by Enoplus communis and Adoncholaimus fuscus. Herbivores are
represented by members of the family Chromadoridae. Bacterivorous species are
represented by some members of the family Monhysteridae. Selective deposit
feeders, with a very small buccal cavity are represented by the Halalaimus
species and by Oxystomina sp.
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Table 2: Total number of nematodes found in the mesh containers in the various treatments and
seasons and the numbers found in surrounding sediment in the same volume as the mesh container
content.

Fresh 2.5 m old 6 mold control sediment
Spring 22700 12700 14200 19400
Summer 46900 34900 27800 41300 28700
Autumn 9900 9400 9200 9500 20300
Winter 21200 13100 15300 18200 11300

RDA analysis was carried out on the whole species assemblage. The relation
between the log-number of the most dominant species and the decomposition
rate showed a linear pattern, therefore we could use and interpret RDA without
restriction. Figure 2 and 3 show the RDA ordination diagrams obtained for the
mesh containers and for the species, respectively. The arrows in the figures
indicate the direction of increasing decomposition rates. The first ordination
axis, explained by the decomposition rate, accounted for 6.9 % of the total
variance. The Monte Carlo permutation test showed that, in spite of this small
percentage of explained variance, the nematode community changed sig-
nificantly with changing decomposition rate (F ratio = 5.08, P < 0.01).

In fig. 2 the different treatments were ordered along the first axis in such a way
that the control treatments appear on the left hand side and the fresh leaf
treatments appear on the right hand side. In figure 3 the ordination diagram of
the species is shown. The position of a species in the figure reflects the contri-
bution of the species to the variance explained by the first two axes. The species
occurring at the left hand side of figure 3 are negatively correlated with decom-
position rate and species appearing at the right hand side are positively corre-
lated with decomposition rate. So the number of specimens of the majority of
the species is not correlated with decomposition rates, as they appear near the
origin. The species Leptolaimus mixtus, Sphaerolaimus sp. and Hypodontolaimus
inaequalis have high negative scores on the first axis; these species may avoid
from places with high organic inputs and are found more abundantly in the
control treatments.
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Table 3: Species list of the nematodes found in the litter containers, with abbreviations as used in

figure 3.

Species: Abbreviation Species Abbreviation
Enoplus communis Enop comm Metochromadora remanei Meta rema
Anoplostoma viviparum Anop vivi Metochromadora vivipara Meta vivi
Anticoma acuminata Anti acum Microlaimus globiceps Micr glob
Dolicholaimus marioni Doli mari Microlaimus sp. Micr sp
Halalaimus gracilis Hala grac Nudora bipapillata Nudo bipa
Halalaimus longicaudatus Hala long Monoposthia costata Mongo cost
Oxystomina elongata Oxys elon Leptolaimus mixtus Lept mixt
Adoncholaimus fuscus Adon fusc Leptolaimus sp. Lept sp
Viscosia viscosa Vise visc Aegialoalaimus sp. Aegi sp
Calyptronema maxweberi Caly maxw Quadricoma scanica Quad scan
Bathylaimus australis Bath aust Diplolaimella dievengatensis  Dipl diev
Tripyloides marinus Trip mari Diplolaimelloides bruciei Dipl bruc
Atrochromadora microlaima  Atro micr Monhystera disjuncta Monh disj
Chromadora nudicapitata Chro nudi Monhystera parva Monh parv
Chromadorina sp. Chro ina Monhystera sp. Monh sp
Chromadorita sp. Chro ita Daptonema sp. 1 Dapt spl
Dichromadora geophila Dich geop Daptonema sp. 2 Dapt sp2
Dichromadora scandula Dich scan Daptonema sp. 3 Dapt sp3
Hypodontolaimus inaequalis  Hypo inae Daptonema sp. 4 Dapt sp4
Hypodontolaimus sp. Hypo sp Daptonema sp. 5 Dapt sp3
Neochromadora sp. Neoc sp Theristus acer Ther acer
Neochromadora poecilosoma  Neoc poec Theristus pertenuis Ther pert
Prochromadorella paramucrodontaProc para Trichotheristus sp. Tric sp
Ptycholaimellus ponticus Pyc pont Sphaerolaimus sp. Spha sp
Spilophorella paradoxa Spil para Desmolaimus zeelandicus Desm zeel
Paracantonchus caecus FPara caec Meialinhomoeus biformis Meta bifo
Praeacantonchus sp. Prae sp Paralinhomoeus sp. Para linh
Sabatieria sp. Saba sp Ascolaimus sp. Asco sp
Desmodora communis Desm comm Axonolaimus typicus Axon typi
Pellioditis marina Pell mari
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Figure 2: Ordination diagrams resulting from RDA on the nematode abundances in mesh containers,

diagram of the mesh container scores (O = controls, @ = fresh leaves, O = 2.5 m old leaves, B = 5

m old leaves). The arrowhead indicates to the direction of increasing decomposition rates.
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Figure 3: Ordination diagrams resulting from RDA on the nematode abundances in mesh containers,
diagram of the species scores. An explanation of the abbreviations of species names is given in table
3. The arrowhead indicates to the direction of increasing decomposition rates.

The species Diplolaimella dievengatensis is separated from all other species and
has the highest positive scores on the first axis. Other species with high positive
scores on the first axis are, in decreasing order: Desmolaimus zeelandicus,
Diplolaimelloides bruciei, Theristus acer and Monhystera parva. Thus, the
numbers of only these species are positively correlated with decomposition rates.
These five species are examined in more detail. Figure 4 shows the relation
between the log-number of individuals of the five species and the weight loss of
Spartina from the mesh containers. The regression lines were fitted for each
separate season. All data, including zero observations, were used in these
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analyses. The slopes of the regression lines are the increases of log-numbers of
individuals per g weight loss of detritus.

The numbers of D. dievengatensis were most clearly related to decomposition
rate (Figure 4A). The regression lines fit well for the experiments carried out in
spring, summer and autumn (P < 0.001) but not in winter (P = 0.15). In spring,
summer and autumn the slopes of the regression lines indicate that 4.6 to 9.6
times more specimens of D. dievengatensis occurred with an increased weight
loss of 1 g in 100 days.

D. bruciei (Figure 4B) is less frequently found in the mesh containers than D.
dievengatensis. Only in autumn were this species was found in more than 50 %
of the containers. In this season the correlation between numbers and decompo-
sition rate was high and the estimated slope of the regression line indicates that
7.9 times more specimens occurred with an increased weight loss of 1 g in 100
days (figure 4B). In summer D. bruciei was completely absent. In spring and
winter the occurrence of D. bruciei was low, and the calculated regression
coefficients were not significantly different from zero.

The numbers of M. parva (Figure 4C) found in the mesh containers ranged from
0 to more than 40,000 specimens per container. Only in treatments with fresh
leaves did the numbers exceeded significantly the numbers found in control
treatments. In some mesh containers more than 50 % of the total number of
nematodes were individuals of M. parva. The high numbers of M. parva
occurred in winter and spring and not in summer and autumn. The linear regres-
sion equations poorly describe the relation between the number of specimens
and weight losses. Only in spring is the regression coefficient significantly
different from zero. In each season, however, the highest numbers were found in
the mesh containers with the highest weight losses i.e. the fresh leaf treatment.
Desmolaimus zeelandicus occurred in almost all samples. The regression
coefficients are significantly different from zero in summer and autumn, but not
in spring and winter (figure 4D). The slopes of the regression lines in summer
and autumn were less steep than the slopes found for the species belonging to
the Monhysterid species. From the calculated slopes it can be estimated that in
summer and autumn 1.5 to 1.6 more specimens occurred with an increased
weight loss of 1 g in 100 days.
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Figure 4: Plots of the log number of specimens against the decomposition rates. Horizontal axis
denctes dry weight losses (g per mesh container), vertical axis denotes the log number of nematodes
per mesh container. Lines are linear regression lines. Broken lines indicate non significant regression
coefficients. A: Diplolaimella dievengatensis, B: Diplolaimelloides bruciei, C. Monhystera parva, D:
Desmolaimus zeelandicus, ¥: Theristus acer.
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Theristus acer occurred only in spring and in summer in more than 50 % of the
containers. In the winter T. acer was almost absent. The regression coefficient,
fitted for the summer data, is significantly different from zero, and is inter-
mediate between the slopes found for the monhysterids and for D. zeelandicus
(figure 4E). From the regression equation it can be derived that in summer 2.9
times more specimens occurred with an increased weight loss of 1 g in 100
days. In autumn the slope is also significantly different from zero and is very
close to the figure found in summer. However, T. acer occurred in only 7 of the
20 mesh containers.

DISCUSSION

The decomposition rates found in this study ranged from 25 to 85 % weight
losses after 100 days and are in the range found for Spartina spp. in the litera-
ture. Montagna & Ruber (1980) summarized decomposition rates from 6 studies
on the decomposition of S. alterniflora which covered different seasons. The
weight losses, after 100 days, in these studies ranged from 25 - 90 %, thus our
data fall within this range. Hemminga & Buth (1991) reviewed studies on
decomposition of salt marsh halophytes in the Netherlands. They calculated
mean decomposition rates for S. anglica leaves ranging from 0.25 to 0.45 % d’
over a period of 6 months. Assuming negative exponential decay, this would
result in weight losses of 22 - 36 % after 100 d?ys. Obviously the wide range
in our study is a result of the separation into different quality classes and the
influence of different seasons. In the studies reviewed by Hemminga and Buth
(1991) samples of a mixture of quality types were used; other studies were
performed in only one season.

A wide range of nematode species occurred in the mesh containers. The
abundances of most of these species were not correlated with decomposition
rate, they occurred in equal densities in treatments with decomposing material
and in the control treatments. Apparently, the decomposing material forms only
a living space for them. Qur observations that the numbers of individuals of
these species numerically dominate the total nematode fauna in the litter is
consistent with the results of Buth & de Wolf (1985) and Montagna & Ruber
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(1980), who found that the total number of nematodes in halophyte litter was
dependent on the available space expressed as the amount of litter and not on
the age of the decomposing detritus.

The RDA analysis showed that of the many species present in the litter, the
number of specimens of only a few species were positively correlated with
decomposition rate. These species were found in high numbers in the treatments
with the highest decomposition rates, occurred in lower numbers in the treat-
ments with aged leaf material and were practically absent in the control treat-
ments. To date such a direct relation between decomposition rate and nematode
numbers has not been found in field experiments. Three of the associated
species, D. dievengatensis, D. bruciei and M. parva, are members of the family
Monhysteridae. D. zeelandicus belongs to the family Linhomoeidae and T. acer
is a member of the family Xyalidac. Members of the family Monhysteridae are
considered non-selective deposit feeders (Wieser, 1959) and are always found on
locations with high organic inputs (Lambshead, 1986; Riemann, 1968) or
otherwise disturbed locations (Bongers et al., 1991). D. bruciei is mostly found
in association with Spartina debris (Bouwman et al,1984; Warwick, 1981).
Bouwman et al. (1984) stated that the non-selective feeding behaviour is
efficient if the concentration of food (bacteria) is high and not mixed with non-
edible particles of the same size. The decomposing Spartina detritus in the mesh
containers probably provides high concentrations of bacteria and consequently
offers a favourable environment to non-selective deposit feeders. The relation
between decomposition rate and the number of the five above-mentioned species
depended on the species and on the season. In winter the numbers of the five
species did not increase significantly with decomposition rates, but D. dieven-
gatensis had significant regression coefficients in spring, summer and autumn,
D. zeelandicus and T. acer in summer and autumn, while D. bruciei and M.
parva increased significantly with decomposition rate in autumn and spring,
respectively.

The lack of correlation between the abundances of the majority of the nematode
species and decomposition rate, as we found in our study, probably is because
many of these species feed on microalgae or diatoms or they are omnivorous or
carnivorous species, whereas the microbial organisms directly involved in
halophyte decomposition are fungi and bacteria (Newell et al., 1989). The
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positive correlation between the abundance of the five microbivorous species
and the decomposition rate of S. anglica leaves is probably caused by increased
microbial biomass production. Higher decomposition rates imply a higher
microbial activity and probably also a higher microbial biomass production. This
increased availability of food for the microbivorous nematodes allows higher
nematode population densities (cf. Findlay, 1982).

The populations of microbivorous species of nematodes on halophyte litter may
not only react to changing rates of decomposition, they may also, on their turn,
influence these rates. Several studies showed that in the presence of bacteri-
vorous nematodes of the family Monhysteridae higher weight losses of detritus
occurred (Findlay & Tenore, 1982; Rieper-Kirchner, 1989; Alkemade et al,
1992). This stimulatory effect of nematodes probably depends on the population
density (Tietien & Alongi 1990; Alkemade et al., 1992). If under field condi-
tions nematodes species are able to stimulate decomposition of Sparfina leaves
then the most likely candidates are those whose numbers correlate with decom-
position rate, as were identified in our study. Further investigation on the role of
nematodes in decomposition processes should be focused on these decomposi-
tion-associated species. The most pronounced effects of these nematode species
on decomposition rates may be expected on plant material in the first stages of
decomposition in the warmer seasons (spring to autumn), since under these
circumstances the highest numbers were found. As the period of the year in
which the correlation between numbers and decomposition rate was found varied
between species, it is possible that these species exert their effect on litter
decomposition in different seasons.
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ABSTRACT

The halophyte Spartina anglica abundantly occurs in the lower parts of Western
European salt marshes. S. anglica vegetation contains large amounts of standing
dead plant material year round. A rich faunal community is present on the
decomposing plant parts. Dipolaimelloides bruciei is one of the dominant
nematode species present on living and dead above-ground parts of S. anglica
plants. The population dynamics of D. bruciei was studied in the field, in
relation to the decomposition stage of the plant material. S. anglica vegetations
are regularly flooded at high tide, which reduces the nematode population
density on the plant material, as nematodes are flushed from the plants. The
extent of population reduction by flooding was studied in a laboratory experi-
ment. Litter of two different decomposition stages was used.

D. bruciei was present throughout the vear on all types of plant material,
including living green plant parts. The population densities were highest on the
older plant material, where they reached densities of 1000-2000 individuals per
g DW. The highest densitics were recorded in late summer and autumn.

In the laboratory the rate of removal by flooding was 4.4 times higher on brown
leaves than on yellow leaves, while the birth rates were almost identical. As a
result the nematode population on yellow leaves increased at a much higher rate
than the population on brown leaves and reached much higher densities.

The total number and biomass of D. bruciei formed in the Spartina vegetation
was calculated, assuming that the birth rate of the species depended only on
temperature. It was calculated that 9 million of individuals accounting for 114
mg C were formed per m® per year. The total amount of carbon ingested by D.
bruciei as bacterial biomass accounted for 7.5 % of the total bacterial biomass
produced. The dominant bacterivorous nematodes together may remove over
20% of the total bacterial biomass.

INTRODUCTION

In the lower zone of West European salt marshes, Spartina anglica may form
extensive monospecific vegetations. On these sites relatively large amounts of




28 Chapter two

standing dead plant material is found year-round (Wolff et al., 1979; Groenen-
dijk, 1984). Export of plant-derived detritus from European coastal salt marshes
is probably insignificant (Hemminga et al., 1992, 1993). The major part of the
dead plant material, therefore, will decompose at the production site. Decompos-
ing leaves remain attached to standing stems for a prolonged period (Newell et
al., 1989). Dead plant material of different stages of senescence and decay can
be found in the canopy: senescent and dead leaves attached to the still green
culms and old, dead, culms with barely any leaves are simultaneously present.
Decomposition is largely a microbial process, but is influenced by a faunal
community, which may consist of macro-, meio- and microfaunal species (Swift
et al, 1979). In salt marshes especially nematodes are abundantly present in
decomposing S. anglica litter (Buth & de Wolf, 1985; Hemminga & Buth,
1991). Diplolaimelioides bruciei is one of the dominant nematode species
present on living and dead §. anglica leaves (Bouwman et al., 1984; Warwick,
1981; Hopper, 1970). D. bruciei is scarcely found in the surrounding sediment
indicating that D. bruciei is narrowly associated with Spartina litter (Bouwman
et al., 1984). In a previous paper, we found that D. bruciei can stimulate
bacterial decomposition of S. anglica leaves under laboratory conditions
(Alkemade et al., 1992a). The effect of D. bruciei on the decomposition of S.
anglica is expected to depend on nematode population density and on the total
number of nematodes formed, including the individuals lost due to death,
flooding etc. The study of population growth and of population density is
therefore considered important to assess the potentially stimulating effects of the
nematodes under field conditions.

The population density of D. bruciei probably depends on at least on three
factors: Firstly, since D. bruciei is a bacterivorous nematode (Romeyn &
Bouwman, 1983; Nicholas, 1984) the population density is expected to depend
on the bacterial biomass production; secondly, the population growth rate of D.
bruciei depends on temperature (Warwick, 1981) and population growth will
therefore fluctuate seasonally; thirdly, flooding by seawater is expected to
remove nematodes and thus will decrease population densities (c.f. Fleeger et al.
1984).

In this study we investigated the population dynamics of D. bruciei on standing
living and dead plants of S. anglica in a salt marsh of the S.W. Netherlands.
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Monthly samples of above-ground Spartina anglica, consisting of visually
distinguishable stages of decomposition, were collected and the nematode
population associated with the plant material was analyzed. The population
growth of D. bruciei on §. anglica litter of different decomposition stages was
also studied in laboratory experiments. A facility to simulate flooding was used
to assess the influence of flooding on population densities present on the
different litter types. Finally, an estimation of the proportion of the bacterial
biomass consumed by D. bruciei was made.

MATERIAL AND METHODS
Field study

Samples of S. anglica were collected in a salt marsh (called Rattekaai), situated
in the Qosterschelde, a tidal inlet of the southern North Sea. The samples were
taken in a 100 m?® area near the edge of the salt marsh, where §. anglica forms
an almost monospecific vegetation. Salicornia sp. was also present in very low
densities. The elevation of the site was 1.67 m above Dutch Ordnance Level
(NAP).

Three paired randomly selected samples were collected monthly from September
20, (1990) to August 15, (1991). Small quadrats (0.04 m® were harvested by
cutting the plants at the sediment surface. The plant material was put into plastic
bags and transported to the laboratory where all samples were divided into 4 dif-
ferent categories: green living biomass; yellow-greenish leaves, with the stem
parts bearing these leaves; brown dead leaves, again with the stem parts bearing
theses leaves; old brown culms without any leaves. If the lower parts of the
stems were covered by a layer of sediment, these parts were discarded, because
nematode densities and species composition are highly influenced by this layer
(Bouwman et al., 1984). One sample of a pair was dried at 70°C for 48 hours in
order to obtain dry weight estimates of the four different categories of Spartina.
The other sample was fixed in warm 4% formalin to conserve the nematodes.
Nematodes were extracted from the plant material by rinsing the samples with
tap water over a house hold sieve (2 mm mesh). Nematodes and other particles
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passed through the sieve whereas the coarse plant material was retained on the
sieve. The plant material was dried and weighed. The suspension containing the
nematodes was further processed using centrifugation as described in Alkemade
et al. (1993). In each sample, the total number of nematodes were counted under
a dissecting microscope. 100 nematodes were identified and the number and
biomass of D. bruciei was estimated in one of the three samples of each
category collected each month.

Differences between total nematode densities, and between densities of D.
bruciei on the different categories of Spartina material, were evaluated by
analysis of covariance. The relations between nematode densities, temperature
and flooding frequency were evaluated by regression analysis. Densities were
log-transformed prior to analysis. The monthly average air temperature measured
at Vlissingen (data obtained from the Royal Dutch Meteorological Institute) and
the flooding frequency between sampling days, derived from the high tide levels
recorded at the nearby point of Marollegat (data obtained from the Ministry of
Transport and Public Works, Tidal Waters Division), were used in the analysis.

Laboratory experiment

Two separate experiments with brown and yellow-greenish leaves were carried
out in October/November 1991 and February/March 1992, respectively. Leaves
were collected at the Rattekaai salt marsh. The leaves were washed with tap
water and dried at air temperature. The leaf material was sterilized by gamma
irradiation (2 Mrad) at a facility for food irradiation (Proefbedrijf voor Voedsel-
bestraling Wageningen).

The leaves were cut into 3 cm long fragments and put into small nylon bags
with 1 mm mesh. Each bag received + 0.5 g DW, The bags were soaked in
sterile and filtered seawater for about 2 hours. All bags were inoculated with
100 pl of a microbial assemblage. This assemblage was obtained by rinsing S.
anglica plant material originating from the Rattekaai salt marsh with sterile
seawater and filtering the water over a 1.2 um filter. Specimens of D. bruciei
obtained from cultures (see Alkemade et al., 1992a), were also added to each
bag. The initial nematode population density was determined after two days of
incubation.
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20 bags were placed in a 1 1 glass jar and transferred to an incubator (20 °C).
Flooding was simulated four times a week by pumping filtered and autoclaved
Oosterschelde seawater into the glass jar. The jar was filled within 30 minutes at
a rate of 15 ml min'. The water remained 2 hours in the jar before it was
pumped back into a bottle. The water in the bottle was renewed 2 times a week.
Nematode numbers were counted in the water that was removed from the bottle.
Two replicate jars were prepared for each experiment. Once a week two bags
were removed from each jar. One bag was dried and weighed to determine
weight loss. The other bag was fixed in warm formalin (4%) and the number of
nematodes was determined. The experiments lasted 42 days.

The population density on the Sparfina material was assumed to be determined
by the ratc of removal of necmatodes from the litter and the population growth
rate. An exponential growth model with a constant rate of removal by flooding
was adopted to describe the population dynamics of D. bruciei. It was assumed
that the death rate was much lower than the birth ratc and that the rate of
removal by flooding was the only source of disappearance. The model can be
described by the following equation:

N, = Ng®-o )

where N, is the number of nematodes present on the Spartina detritus at time t,
N, the number of nematodes present at the start of the experiment, B is the birth
rate and o is a parameter expressing the rate of flushing of nematodes due to
flooding. The flooding parameter can be estimated, independently of B, by using
the number of nematodes flushed away and the number of nematodes present on
the leaves. As the days on which the bags were removed from the jar did not
coincide with the days on which the flushing took place, the number of
nematodes present on the leaves at the moment of flushing were calculated by
linear interpolation between the sampling days. The parameter & was found by
linear regression of the number of nematodes flushed away per unit time on the
number of nematodes present on the Spartina leaves. The log-likelihood
function of the Poisson distribution was used in the estimation procedure, as the
data were counts (McCullagh & Nelder, 1989). Using the calculated values for
o, the birth rate 8 was then calculated by nonlinear regression of the exponential
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growth equation (1). Again the log likelihood function of the Poisson distribu-
tion was used. Subsequently, the total numbers developed during the course of
the experiments were estimated by integrating the growth over time:

T
P- f bNdt @)
0

where P denotes the total numbers of nematodes and T denotes the last day of
the experiment.

The regression analyses were carried out using SYSTAT 5.0 (Wilkinson, 1990)
and the total number of nematodes formed was calculated by numerical integra-
tion, using SENECA 1.5 (De Hoop et al., 1992),

RESULTS
Field study

Green biomass of S. anglica showed a clear seasonal pattern (Figure 1). In
August a maximum of 850 g DW per m® of green biomass was reached. Green
S. anglica leaves were found year-round, but in winter months only a very low
biomass was observed. Yellow leaves were also found in most of the samples.
The peak amount of 200 g DW per m® of yellow leaves was found in January.
Older plant material of the categories "brown" and "old stems" were found
throughout the year in relatively constant amounts. The total dead biomass,
consisting of the categories "yellow”, "brown" and "old stems", exceeded the
biomass of the green plant parts in every month, except in August.

The total nematode densities, all species included, expressed as numbers per g
DW of plant material are shown in Figure 2. The numbers found on brown and
old material were usually higher than on yellow and green leaves and showed
little seasonal variation. The numbers fluctuated between 1,000 and 4,000
individuals per g DW. The numbers of nematodes on green and yellow plant
parts were usually much lower, but showed a sharp peak in March and June,
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Figure 1. Dry weights {g/m?) of four categories of standing S. anglica plant material in the salt
marsh (@ = living green biomass, O = yellow leaves, B = brown leaves, O = old stems) (means and

standard errors, n=3).
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Figure 2: Total nematode densities (number / g DW) on four categories of standing §. anglica plant
material. (@ = living green biomass, O = yellow leaves, B = brown leaves, O = old stems) (means
and standard errors, n=3).


http://Diplolaimelloid.es

34 Chapter two

3,500,000

3,000,000 —

g
g

2,000,000 -

number per m?

1,500,000

1,000,000 -

500,000 L 1 1 1 i 1 1 1 I 1 1
sapt oct nov dec jan dfebr mar apr may iJune july aug

Meonths

Figure 3: Total number of nematodes (number / m®) on above-ground plant parts of §. anglica plants
(means and standard errors, n=3),

2,500

2,000
=
o

o™ 1,50¢
i
[
a
t
2

€ 1,000
=
=

500

sept oot nov dec jan febr _mar apr may june july aug
Months

Figure 4: Densities of D. bruciei on four categories of standing S, anglica plant material. (@ = living
green biomass, O = yellow leaves, l = brown leaves, [0 = old siems).






