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ABSTRACT

The size spectra and biom ass o f the nem atode assemblages in the sediments 
o f A vicennia marina, Bruguiera gym norrhiza, Ceriops tagal and Sonneratia  
alba at Gazi Bay (Kenya), are described. Weighted m ean length (resp. dry 
weight) of the nem atodes varies from  0.543 to 1.367 m m  (resp. 0.10 to  0.19 pg) 
and differs considerably from  geom etric and m edian values. N em atodes be­
come longer (around Avicennia  and Sonneratia) o r rem ain sim ilar in length 
(around Bruguiera and Ceriops) w ith increasing depth  into the sediment. Body 
elongation is suggested to  be an adap tation  to  low oxygen and food supply, 
which are under the im pact o f Lca-burrows.

N em atode production in the m angroves is found to  be regulated by an 
interaction of density and individual biom ass, in  which the form er plays a 
dom inant role.

INTRODUCTION

Body size and biomass spectra o f populations and com m unities, as well as 
of individual organisms, are related in m any aspects to life-history characteristics 
(generation time, respiration, dispersion) and have im portan t implications for 
fundam ental ecological concepts (size-related com petition and predation, 
diversity) (Roggen, 1970 ; Fenchel, 1974 ; Haii et al., 1976 ; Blueweiss et al.,
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1978 ; Peters, 1983 ; W arwick, 1984). W ith regard to the Sheldon spectrum  
(Sheldon et al., 1972) a  large body o f literature covers the biom ass spectra 
of a  wide range o f benthic com m unities to  establish the consistency in the 
spectra (Gerlach et al., 1985 ; Schw ingham er, 1981, 1983, 1985 ; Warwick, 1982,
1984 ; W arwick & Jo in t, 1987 ; W arwick et al., 1986). Yet the size distribution 
o f benthic m eiofauna organism s, in particular that o f nem atodes, has not been 
investigated extensively (Soetaert & H eip, 1989). L ittle in form ation is also 
available on  vertical d istribution  o f m eiofauna in m angrove sediments (Dye, 
1983a ; Nicholas et al., 1991 ; Vanhove et al., 1992). M ost studies are restricted 
to  the upper sedim ent layers, usually w ithout prelim inary investigation o f depth 
d istribu tion  (Gerlach, 1958 ; D ecraem er & C oom ans, 1978 ; H o d d a  & Nicholas,
1985 ; Dye & Lasiak, 1986 ; L alana-R ueda & Gosselck, 1986 ; Alongi, 1987a,b). 

This paper reports on the effect o f depth  into the sedim ent on nem atode
biom ass. The study on m eiofauna densities and diversities in the m angroves 
of Gazi Bay is presented in Vanhove et al. (1992).

M ATERIAL A N D  M ETH ODS

Sam pling was carried out in  the m ixed m angrove a t Gazi Bay circa 50 km  
south  o f M om basa (Fig. 1) (Gallin et al., 1989). The sediments o f four m an­
grove species (Avicennia marina, Bruguiera gym norrhiza, Ceriops tagal, 
Sonneratia alba) were investigated during spring tide, in the Sum m er (July) 
o f 1989. Sam ples were obtained by taking handcores (3.6 cm diam eter, 30 cm 
length) to a  depth  o f 20 cm and split horizontally into 1 cm portions for the 
upper 5 cm, 2.5 and 5 cm intervals for deeper layers. Each core was preserved 
in a  ho t (60° C) 4% form aldehyde solution.

Meiofauna. —  E xtraction  o f m eiofauna from  the sedim ent (38 pm  mesh 
sieve), exam ination  and counting followed the procedures recom m ended by 
M cIntyre & W arwick (1984). S eparation o f roots and detritus from  the m eio­
fauna was very difficult and tim e consum ing. F or this reason the counting 
procedure could not be repeated.

Sediment analysis. —  One core was used fo r granulom etric analysis. P re­
lim inary drying at 100° C was necessary to  remove peat. Sedim ent contained 
m ore th an  90% sand. A m echanical shaker was used to  pass this sand fraction 
th rough  a graded series o f standard  sieves (Buchanan, 1984).

Organic matter. — A n additional core was divided in the sam e intervals 
as m entioned above (m eiofauna) for analysis o f organic m atter. F rom  each 
fraction, organic nitrogen was m easured applying the chemical K jeldahl-m ethod 
(Greiser & Faubel, 1988).
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Biomass. —  A bout 50 nem atodes encountered in each sedim ent interval 
were picked out and m ounted in glycerin slides (Seinhorst, 1959). Weights of 
nem atodes were determ ined from  dim ensions o f length and the square o f the 
m axim um  width, m easured under the cam era lucida, using the adjusted m ethod 
o f A ndrassy (Soetaert, 1989) and assum ing a specific gravity o f 1.13 and a 
d ry /w e t weight ra tio  o f 0.25.

D ata analysis. —  The param etric two way A N O  VA, com bined w ith a 
S tuden t’s t-test, was used to  test length and biomass differences between stations 
and depths. C orrelations were calculated by means o f the non-param etric 
Spearm an rank correlation coefficient (Sokal & Rohlf, 1981).

RESULTS

Abiotic factors. —  In  table 1 granulom etric features and concentrations 
o f Kjeldahl-N are show n fo r the four m angrove stations. C haracteristic for 
Sonneratia  are the high m ud content and organic m atter content com pared 
especially to  the figures fo r Bruguiera , while A vicennia  and Ceriops occupy 
an interm ediate position. M edian grain size shows little variation  am ong the 
four stations and all sediments are classified as m edium  sand.

TABLE 1
Characteristics of the sediment and Kjeldahl-N at the four collecting sites.

S t a t i o n Avicennia Bruguiera Ceriops Sonneratia

Median
grain size (mm)

0.468 0.324 0.337 0.396

Sediment
type

medium
sand

medium
sand

medium
sand

medium
sand

% mud 2.46 0.35 1.71 3.37
Kjeldahl-N 
mg N/100DS

456.11 205.99 450.95 835.51

Meiofauna. —  Total densities are high in all four stations varying from  
6707 ind. 10 cm '2 in Bruguiera to  1976 ind. 10 cm '2 in Ceriops (Table 2). 
N em atodes dom inate and reach abundances from  53.5% (Bruguiera) to  95.1% 
(jSonneratia). C opepod densities, particularly harpacticoids, are low in com ­
parison w ith nem atodes fo r Avicennia, Ceriops and Sonneratia , b u t higher 
densities are recorded in B ruguiera (Table 2).

Nematode length. —  W eighted m ean length o f the nem atodes varies from  
0.543 (Bruguiera) to 1.367 m m  (Sonneratia). Differences between the four 
stations are significant (p <  0.05). Sonneratia-nem atodes are rem arkable larger 
th an  other nem atodes in Gazi Bay (Table 3).
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TABLE 2

Density (ind. / 10 cm2) and abundance (%) of meiofauna taxa.

S t a t i o n Avicennia Bruguiera Ceriops Sonneratia

T o t a l 3442 6707 1976 2889

N e m a t o d e s

Density 2329 4205 1709 2555
Abundance 77.9 53.5 85.5 95.1
C o p e p o d s

Density 215 1113 61 51
Abundance 6.3 16.6 3.1 1.8
O t h e r  t a x a

Abundance 26.1 20.7 10.4 9.8
Ratio c/n (%) 9.2 26.5 3.6 2.0

TABLE 3
Length and weight characteristics of the nematode assemblages at the four stations.

S t a t i o n Avicennia Bruguiera Ceriops Sonneratia

L e n g t h  ( m m )

Arithmetic mean 0.785 0.612 0.892 1.473
Weighted mean 0.765 0.543 0.857 1.367

Median 0.695 0.502 0.709 1.274

Geometric mean 0.667 0.498 0.733 1.312

D r y  w e i g h t  (p-g)

Arithmetic mean 0.18 0.10 0.10 0.19

Weigthed mean 0.17 0.09 0.09 0.19
Median 0.09 0.04 0.06 0.15

Geometric mean 0.08 0.04 0.06 0.14

T o t a l  b i o m a s s  
( m g  d w t / 1 0  c m 2)

0.186 0.168 0.103 0.358
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As pointed out by Soetaert & Heip (1989) the m ean length (resp. indi­
vidual biom ass) is no t suitable for com parative purposes. Geom etric m ean and 
m edian length are less sensitive to  the presence o r absence o f extrem ely large 
individuals. Geom etric m ean and m edian are com parable, but sm aller than 
the first m entioned weighted m ean (resp. 0.498- 1.312 m m  and 0.502-1.274 mm) 
(Table 3).

— N em atodes tend to be longer w ith increasing depth  in to  the sediment 
of A vicennia  (the depth  2-3 cm no t taken  into account) and are so significantly 
at p  <  0.05, except for the two sedim ent layers between 4 and 7.5 cm (Fig. 2B). 
The same, though n o t significant trend  can be seen in Sonneratia-sediments 
(Fig. 3E). F o r Bruguiera and Ceriops lengths are ra ther similar, ranging from  
about 0.5 m m  to a m axim um  of 1.25 mm. A m inim um  value is obtained in 
bo th  stations at 4-5 cm, it is significantly (p <  0.05) different from  the other 
sedim ent intervals (Figs 2E, 3B). Except fo r Ceriops, densities and lenghts 
follow a  com plem entary pattern  (Figs 2A  & B, 2D  & E ; 3D & E), w ith a  high 
negatively significant correlation for Avicennia  and Sonneratia  (rs =  -0.883 and 
-0.783 fo r m edian length ; -0.800 and -0.833 for m ean length, d f 9) and 
significant for Bruguiera (rs =  -0.667 for bo th  m ean and m edian length, d f 8).
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o-t i  B

1-2 - 1

2 -3  - 1

3 *  - +

4-5  - +

5-7.5 - +

7.5-10 - +

10-15 - +

15-20 - H —

0  2 00  4 0 0  600

Bruguiera
CCNSIJY

d e p t h  (cm) d e p th  (cm)

0-1 0-1 - +
E

1-2 □ 1-2 +
2-3 2-3 - +

3-4 - +
4-5 - I

5 -7 .5  - +
7.5-10  - +
10-15 - + e * » * *

Figure 2. — Characteristics of the nematode assemblages for the sediments of Avicennia 
(A-C) and Bruguiera (D-F) : A),D) density (ind./10 cm2) and B),E) length (mean 
+ / -  S.E.) (mm) distributions at the different sediment intervals ; C),F) length- 
frequency distributions.
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— The length frequency distributions (Figs 2C, 2F, 3C) show a  clear 
m odal class in Avicennia, Bruguiera and Ceriops, respectively 0.2-0.4 m m  for 
the first two stations and 0.6-0.8 m m  at Ceriops. A long tail extends into the 
larger sizes. Sonneratia  sediments contain larger nem atodes, but the length- 
frequency curve (Fig. 3F) is n o t strongly skewed as for the other sediments. 
Consequently no obvious m odal class can be discerned.
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Figure 3. — Characteristics of the nematode assemblages for the sediments of Ceriops 
(A-C) and Sonneratia (D-F) : A),D) density (ind./10 cm2) and B),E) length (mean 
+ / -  S.E.) (mm) distributions at the different sediment intervals ; C),F) length- 
frequency distributions.

Nematode biomass. — M ean nem atode dry weights (Table 3) vary from  
0.10 to 0.19 pg. As for the nem atode length, geom etric m ean and m edian are 
lower than the weighted m ean, though the m agnitude o f difference is m uch 
larger : A vicennia  and Bruguiera d a ta  are only halve as high. Geom etric m ean 
values vary between 0.04 and 0.14 pg.

Total biom ass calculations based on geom etric m ean individual length 
vary between 0.103 and 0.358 g d w t/1 0 c m 2. Biomass and density are not 
significantly related.

Relation biotic-abiotic factors. — The m ain source of variation in m eio­
fauna distributions one would expect, is due to changing sediment characteristics. 
Therefore correlation tests of nem atode length (m ean and m edian) and biomass 
with m ud percentage and organic N were conducted fo r each depth into the
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sediment. Analysis revealed th a t 1) nem atode lengths around A vicennia  are 
significantly positively related (rs =  0.700, d f  9) to Kjeldahl-N and negatively 
(rs =  -0.667 fo r m edian ; rs =-0.767 fo r m ean length) to m ud percentage ; 
2) nem atode lengths around  Bruguiera are significantly negatively correlated 
(rs =  -0.714 df7) w ith Kjeldahl-N. C lear trends, however, could n o t be detected.

In conclusion :

1) Avicennia, Bruguiera and Ceriops sediments have nem atodes with com parable 
length ; Sonneratia  sediments contain larger individuals. 2) N em atodes (and 
o ther taxa) still reach high densities in sedim ent intervals which are usually 
not investigated (up to  20 cm  deep and more). 3) W ith regard to  nem atode 
lengths there exists a  “deeper-longer” relationship in tw o sediments (Avicennia  
and Sonneratia), while fo r the other sediments (Bruguiera and Ceriops) there 
is no clear trend. 4) Except fo r Ceriops, densities and lengths o f nem atodes 
follow opposite patterns. 5) The length-frequency distributions are, except for 
Sonneratia-nzm aioàzs, strongly skewed, with a long tail tow ards the larger 
sizes. 6) A rithm etic m ean can be rem arkably different from  geom etric m ean 
and median. 7) Length n o r biom ass spectra are clearly related to sediment 
characteristics.

D ISCUSSIO N

Length and biomass o f nematodes from Gazi versus these from other 
regions. — The sediments of Gazi Bay are inhabited by small nem atodes, 
which have a  m ean individual dry weight o f 0.09-0.19 pg dwt. This is slightly 
higher than  in deep-sea nem atode com m unities (Soetaert & Heip, 1989 : 0.04- 
0.10 pg dwt), bu t lower than  dry weights m easured in tem perate, shallow 
regions (Vanreusel, 1990 : 0.09-2.46 pg dwt, m ean 0.402 pg).

Total nem atode biom ass in this study is com parable w ith other m angrove 
regions (Table 4). The higher figures obtained by Dye (1983 a,b) probably 
w ould lie in the sam e range w hen only nem atodes had been taken in to  account.

Production  estim ates vary from  0.6 to  1.7 g C /m 2/year. Since there is 
as yet no better m ethod to  determ ine secondary production o f nem atodes of 
tropical areas, the generally applied P /B  ra tio  9 is used for p roduction  esti­
m ates, despite the criticism form ulated by V ranken & Heip (1986). P roduction  
calculations were based on different m angrove biom ass d a ta  from  the literature, 
using a P /B  = 9  and assum ing a carbon ratio  o f 40% (Table 4). Logically 
(as production  estim ates are based on to ta l biomass) the d a ta  from  Gazi are 
com parable to those from  other m angroves.
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TABLE 4
Biomass and production estimates in mangrove communities (see text).

Reference Locality Biomass (dwt) 
(mg / 10 cm2)

Production 
(gC / m2 / yr)

Comment

this study Gazi Bay, 
Kenya

0.171-0.485
0.103-0.358

0.616-1.746
0.371-1.289

mean biomass 
geometric biomass

Schrijvers, 1991 Gazi Bay, 
Kenya

0.367-0.453 1.321-1.631 mean biomass

Nicholas et. al., 
1991

Waterfall creek, 
Australia

0.019-0.888 0.068-3.197

Dye, 1983 (a) Transkei, 
S. Africa

0.370-2.330 1.332-8.388 based on total 
meiofauna

Dye, 1983 (b) Transkei, 
S. Africa

0.196-1.073 0.706-3.863 based on total 
meiofauna

Deep-sea benthic com m unities m ainly depend on the detrital fall ou t 
(“detritus ra in”) from  above to  feed on, which results in the presence o f small 
animals. M angrove organism s, however, are surrounded by high am ounts of 
organic m atter (usually associated with a  lot o f m icro-organism s). C onsequent­
ly they are not restricted by a lim ited, “ accidental” food supply. M angrove 
nem atodes m ay use these mass food  resources to  enhance production not in 
terms o f individual biom ass, which is even below other shallow regions, bu t 
in high densities. M oreover, nem atode biom ass decreases w ith increasing 
density in Avicennia, Bruguiera and Sonneratia  sediments as m entioned earlier.

Vanreusel (1990) found a negative correlation between chlorophyll-a 
content and m ean individual nem atode biom ass, confirm ing the hypothesis 
o f Pearson & Rosenberg (1987), which states that food  availability is the most 
fundam ental variable determ ining biom ass, production  and diversity o f benthic 
organisms. Such investigations were n o t considered in this study, b u t are 
required to support the results.

Biological variables related to  sediment. —  In  general, sedim ent char­
acteristics are prim ary factors affecting the abundance, species com position 
and body size of meiofauna.

In this context the structure and  dim ensions o f the interstices, the organic 
content and the available oxygen are o f fundam ental im portance. A lthough 
no overall statistical correlation exists between density and biom ass of 
nem atodes on the one hand, and sedim ent characteristics on the other hand, 
some trends have become clear after com paring both  variables. In  sediments 
with high m ud and organic m atter content, high densities and biom ass but 
low taxon  diversity is observed (Sonneratia) and vice versa (Bruguiera, A v i­
cennia) (Vanhove et al., 1992). As in m ost m uddy habitats, copepods do not
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w ithstand high silt fractions whilst nem atodes are rem arkable tolerant. The 
differences in length between the nem atodes o f Sonneratia  and these from  
other stations (Table 3) m ay also be related to  the high silt content in the 
form er sediment. Variations in length result from  physical restrictions im posed 
by the sedim ent interstices on body size.

The characteristic Sonneratia  nem atode density pattern  (high densities 
in the upper layer, followed by a rapid decline deeper in the sedim ent), the 
high individual nem atode length relatively to  other sediments, com bined with 
the increase tow ard deeper layers (also in Avicennia), are probably related 
to  som e extend with low oxygen conditions (R P D  layer was estim ated visually 
from  the colourshift near the surface). This is confirm ed by the low copepod/ 
nem atode ratio  (Table 2), as harpacticoids copepods are know n to  be one 
of the m ost sensitive tax a  to  decreased oxygen.

The tendency o f nem atodes to  become longer w ith sedim ent depth  is 
regularly found  in tropical as well as in tem perate regions (Boaden 1974, 1975 ; 
Vivier, 1978 ; Jensen, 1986 ; Soetaert & Heip, 1989), though the factor(s) 
underlying these observations are not well understood. One possible m etabolic 
explanation  can be found in the leng th /rad ius ratio , which relates surface 
relative to  volum e, discussed by Jensen (1986). Longer individuals have a larger 
epiderm al uptake surface. This results in a  higher diffusion o f nutrients and 
oxygen, which allows the nem atode to live in deeper, food and oxygen depleted 
sedim ent layers.

Increase in length could be, next to  ectosymbiosis with sulfide oxidating 
chem olithotrophs (Giere et al., 1982 ; O tt & N ovak, 1989) o r the use o f specific 
enzymes (M orril et al., 1988) an  adap ta tion  of the so called “thiobios” (Boaden 
& P la tt, 1971) to  the unfavourable stress conditions of deeper, sulfide rich, 
anaerobic layers.

Soetaert & Heip (1989) have dem onstrated th a t bigger nem atodes show 
no preference to  particular sedim ent layers, whereas small individuals (< 500 pm) 
ra ther avoid greater depths. T he observed length increase w ith depth  suggests 
that sm aller nem atodes are unable to  penetrate into the com pact deeper layers.

Biological variables with regard to the macrofauna. —  As discussed in 
Vanhove et al. (1992). i/cö-burrow s are a prevalent aspect in the m angroves 
of Gazi Bay. Densities and biom ass in the salt m arshes investigated by D eP atra  
& Levin (1989) are affected by these biogenic depressions and seem to  be 
o f g reat im portance in the K enyan m angroves too. The occurrence o f still 
high densities and biom ass in deeper layers in the sediments studied, could 
be explained in this context. H igher num bers o f m eiofauna probably live in 
close association w ith the burrow s, which form  a structural heterogeneity of 
oxygen rich pockets in oxygen depleted surroundings. W ith the density-length 
relationship in m ind (see above), the consistent occurrence o f small nem atodes 
at 4-5 cm  in all sediments, except for Avicennia, m ight be related to  the bottom
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of the Tbß-burrows, which there serves quasi as a  surface layer. W hen Uca- 
burrows are absent (e.g. Sonneratia  sediments) m eiofauna tends to  be restricted 
to  the upper layers, as food resources (organic m atter and bacteria) are m ore 
plentiful in the surface layer th an  further down.

Conclusion

The relation between nem atode length and som e possible regulation factors 
presented in this prelim inary study indicates th a t there exist an optim al 
nem atode size for any given ecological situation. However, we are still far 
from  a  size efficiency hypothesis as proposed for Zooplankton com m unities 
(H aii et al., 1976).

SAM ENVATTING

De nem atodengem eenschappen in de sedim enten van A vicennia m arina , 
Bruguiera gym norrhiza, Ceriops tagal and Sonneratia alba in de mangroves 
van Gazi Bay (Kenya) werden beschreven aan de hand van biom assa en 
lengtespektra. De gewogen gemiddelde nem atodenlengte (resp. het gewogen 
gemiddelde drooggewicht) varieert tussen 0.543 en 1.367 m m  (resp. 0.10 en 
0.19 pg) en verschilt sterk van  het geom etrisch gem iddelde en de mediaan. 
De nem atoden van A vicennia  en Sonneratia  blijken langer te zijn naarm ate 
ze dieper in het sedim ent voorkom en ; Bruguiera- en Cm cyw -nem atoden, 
daarentegen, hebben een m in o f m eer stabiel lengtepatroon in relatie to t de 
diepte. W aarschijnlijk is de grotere lengte gecorreleerd m et lage zuurstof- en 
voedselkoncentraties, die op hun  beurt beïnvloed zijn door de aanwezigheid 
van talrijke w enkkrabben {Uca). D e gangen van deze dieren m aken het im ­
mers mogelijk om  nutriënten en  zuurstof dieper te laten  doordringen, w at een 
positieve im pakt heeft op lengte en biom assa van de naburig aanwezige 
nem atoden.

D e produktie van nem atoden w ordt gereguleerd door een interaktie van 
densiteit en individuele biom assa. Hierbij zijn de hoge densiteiten in de m an­
groves van fundam enteel belang.

Hoewel lengte- en biom assaspektra niet statistisch gecorreleerd zijn met 
Kjeldahl-N en m oddergehalte, blijken deze twee abiotische variabelen toch 
invloed te hebben op de struk tuu r van de nem atodegem eenschappen : hoge 
gehaltes hebben een hoge densiteit en biom assa, m aar een lage diversiteit to t 
gevolg.
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