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ABSTRACT: T h e  spa tia l an d  tem p o ra l varia tions o f  m eio fau n a l com m unities in  m angrove system s w ere  exam ined .
R ep lica ted  co res w ere taken  in  m u d fla ts  betw een  p ro p  ro o ts  o f  Rhizophora mangle a t five locations w ithin th e  G u lf o f  
B atabano, C uba, d u rin g  3 m o. T h e re  was a  clear seasonality  in  th e  w ater colum n, b u t m easu red  abio tic  variab les d id  n o t show  
obvious re la tio n s w ith m eio faunal p a tte rn s . T h e  m agn itu d e  o f  change in  salin ity  fo r  each  location  ap p ea rs  to  in flu en ce  th e  
m eio fau n a  m o re  th an  abso lu te  values p e r  se. T h e  m eio fau n a  fro m  so u th e rn  P in a r d e l R io  show ed  a  h ig h er variation  in  
com m unity  s tru c tu re , suggesting  h ig h er levels o f  stress in  com parison  w ith locations in  eas te rn  Isla, possib ly  d u e  to th e  
p resen c e  o f  h u m an  se ttlem en ts , ru n o ff  fro m  land , an d  a p p a re n t d e te rio ra tio n  o f  m angroves. T h e  co n siderab le  varia tion  in  
th e  density  an d  com m unity  s tru c tu re  estim ates o n  g lobal (geographical reg ions) an d  local (locations in  th e  G u lf o f  B atabano) 
scales cou ld  b e  caused  by  th e  h igh  spa tia l variability  in  th e  m angrove m icroenv ironm en t, co u p led  w ith associated  
m ethodo log ica l d iffe ren ces  in  th e  sam pling . T h e re  was a  low  density  o f  m eio fau n a  (m ean: 101 anim als 10 cm  2) co m p ared  to 
o th e r  shallow  tro p ica l hab ita ts. M angroves fro m  su b tro p ica l an d  tem p era te  reg ions show ed  consistently  h ig h er m eio faunal 
densities th an  tro p ica l m angroves, b u t causes o f  th is pu tatively  la titu d in a l p a tte rn  re q u ire  fu rth e r  study. F u tu re  stra teg ies fo r  
m eio faunal s tu d ies in  m angrove system s sh o u ld  increase  th e  tem p o ra l an d  spa tia l rep lica tion , inc lude  d esigned  fie ld  
ex p erim en ts  to test ecological hypo theses, an d  app ly  a  species level ap p ro ach  w ith reg a rd s  to  n em ato d e  assem blages.

Introduction
M angroves are one o f the  m ost w idespread coastal 

estuarine ecosystems in tropical regions th a t also 
occupy large areas in  the  subtropical and  tem pera te  
zones. T hese systems have im p o rtan t ecological and 
econom ical values (H ogarth  1999) and  include 
un iq u e  com m unities on  the  earth . T he m eiofauna 
(defined  as anim als passing th ro u g h  a 0.5-mm sieve 
b u t re ta in ed  on a 45-pm m esh) are the  num erically 
do m in an t faunal com m unities w ithin m angrove 
sedim ents. T h ree  m ajor ecological roles are played 
by m eiofauna in  m angroves (and  o th e r estuarine 
habitats) accord ing  to Coull (1999): they enhance  
n u tr ie n t regeneration , they serve as food  fo r a variety 
o f  h ig h er troph ic  levels, and  they exhib it high 
sensitivity to an th ropogen ic  inputs, m aking them  
excellent organism s fo r studying estuarine po llu ­
tion.

T ropical m angroves are characterized by multi- 
species assem blages o f  trees and  h igh  prim ary 
p ro duc tion  (Field 1999). Ecological com position
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an d  s tructu re  surveys o f  m eiofauna in  tropical 
m angrove systems have b een  carried  ou t in  several 
regions: Australia (Alongi 1987a,b,c, 1988; Alongi 
and  C hristoffersen 1992), Africa (Dye 1983a; Ólafs- 
son 1995; Ólafsson et al. 2000), Asia (Gee and 
Som erfield  1997; Som erfield  e t al. 1998), and  
A m erica (H opper et al. 1973). T he m en tio n ed  
studies deal with nem atodes (the m ost ab u n d an t 
taxon in m eiofauna) iden tified  to  taxonom ic level 
o f  genus (or species).

Several studies on m eiofauna in  subtropical and 
tem pera te  m angrove habitats have been  carried  out, 
with diverse topics: assem blages o f  p n eu m ato p h o res  
(Gwyther 2000; P roches et al. 2001; P roches and 
M arshal 2002; Gwyther an d  Fairw eather 2002, 
2005), co lon iza tio n  o f  azoic sed im en ts  (Z hou  
2001) , tem poral and  spatial variations o f  nem atode 
assem blages (H odda and  N icholas 1986b; Nicholas 
et al. 1991), and  assessm ent o f po llu tion  (H odda 
and  N icholas 1986a). Surveys identified  nem atodes 
to  genus an d  in  certain  cases to species.

C uban m angroves are typically tropical habitats 
(i.e., la titude 22°N) , covering roughly 5,000 km 2 
and  constitu ting  26.6% o f the forests in  the country 
(R odriguez-O tero 2001). D espite its im portance,
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studies on  m arine com m unities in m angroves are 
scarce in  Cuba, particularly  those relating  to ben th ic  
assemblages. Only one study (Lalana-Rueda and  
Gosselk 1986) has been  pub lished  on  in fauna in 
m angrove habitats in Cuba; b u t this study used 
0.5 m m  as the  m in im um  m esh size.

T he research  p resen ted  h ere  is p a rt o f a study on 
critical habitats and  key faunal groups in the G ulf o f 
B atabano. It is the  m ost im p o rtan t area for spiny 
lobster (Panulirus argus) fisheries in Cuba (Phillips 
e t al. 2000). T he land ing  o f spiny lobster has 
d ep le ted  progresively (Phillips e t al. 2000), from  
an  av erag e  o f  11 ,564  to n s  in  1 9 7 8 -1 9 8 9  to  
8,845 tons in 1990-1995 (Baisre 2001). T he an th ro ­
p o g en ic  d e g ra d a tio n  o f  critical h ab ita ts  (e.g., 
m angroves) could  be one o f the causes o f the 
decline of fisheries. Baseline in fo rm ation  o f com ­
m unities in  m angroves is essential for assesssm ent o f 
putative h u m an  im pact affecting them .

D ue to the lack o f surveys on  m angrove faunal 
com m unities in  the  C aribbean  a rea  (inc lud ing  
Cuba), there  is n o t enough  evidence on  the ir role 
in the dynamics o f nam ed  ecosystems. O th e r surveys 
suggest im p o rtan t roles o f m eiofauna, such as food 
for h ig h er troph ic  levels (Coull 1990; Schmid-Araya 
and  Schm id 2000) and  m ineralization o f detritus 
(T ietjen and  Alongi 1990). T he probab le  im por­
tance o f m eiofauna in  the  dynamics o f m angrove 
systems in the G ulf o f B atabano led  us to conduc t 
a prelim inary  descrip tion  o f these faunal com m uni­
ties. T he objectives were to describe the spatial and  
tem poral pa tterns o f variation in the  abundance  
and  com position  o f com m unities o f m eio fauna and  
to infer the possible causes o f these patterns.

Materials and Methods

St u d y  Z o n e

Five locations were selected in  the  w estern sector 
o f the  G ulf o f B atabano along the southw est shelf o f 
Cuba (Fig. 1). T h ree  o f them  (Bacunagua, Day- 
aniguas, an d  Colom a) are along the sou thern  coast 
o f the province of P inar del Rio, and  two are in the 
eastern  p a rt o f the Isla de La Juven tu d  (Isla and  
M atías). T he coastline o f these locations is covered 
by typical C aribbean m angrove trees (i.e., in o rd er 
from  sea to land: Rhizophora mangle, Avicennia  
germinans, and  Laguncularia racemosa). Sedim ents 
in these locations are m uddy, with a h igh p ro ­
po rtio n  o f silt-clay (S-C). T he reg ion  is characterized 
by a narrow  tidal range, averaging less than  25 cm 
(Rodriguez and  R odriguez 1983).

Sa m pl in g  D esig n

Sam ples w ere tak en  in  F ebruary , Ju ly , a n d  
N ovem ber 2003. N ot all locations were sam pled 
d u ring  every m o n th  (see data  analysis below). In
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Fig. 1. Study zone. The five locations in the western sector of 
the Gulf of Batabano are shown. The shelf break contour 
(approximately 200 m depth) is indicated with a line. Black dots 
indicate major human settlements.

February and  July two stations were sam pled; in 
N ovem ber, four stations were sam pled. T he stations 
inside each sam pled location were located  ade­
quately apart from  each o th e r (average distance
9 km) to allow an assessm ent o f the  com m unity 
structure  on  the scale o f 10-50 km and  to avoid 
pseudoreplication . T h ree  o r four cores were taken 
for m eiofauna in each station in o rd e r to assess the 
small-scale (10-100 m) variability o f com m unities. 
Cores (plastic syringe o f 5.3 cm 2) were taken in 
subtidal flats o f bare  sed im ent (som etim es variable 
quantities o f m angrove leaf litter cum ulated  on  the 
sedim ent) betw een p ro p  roots o f R. mangle up  to
10 cm deep. We a ttem p ted  to select sam pling areas 
with sim ilar sed im ent characteristics in o rd e r to 
m inim ize the effects o f confound ing  factors. T em ­
pera tu re , salinity, dissolved oxygen (D O ), dep th , 
and  pH  were m easured  with an oceanographic  
p ro b e  (H ydrolab 4a o f G ran t/Y si). Sam ples o f 
sed im ent (u p p er 10 cm) were taken in  N ovem ber 
for quantitative assessm ent o f the  S-C percentage.

Sa m ple  P r o c e ssin g

Samples o f sed im ent were stored  in polyethylene 
bags with form alin. In  the laboratory the  sam ples 
were sieved th ro u g h  500-|lm and  45-|lm sieves. The 
sed im ent re ta in ed  on  the 45-|lm sieve was kep t for 
ex traction  using the flo tation techn ique in a h igh 
density solution (sugar 1.15 g cm -3, after Esteves 
and  DaSilva 1998) decan ting  each sam ple at least 
th ree  times. T he sam ples were stained with alcohol­
ic eosin (1%) in o rd e r for easier de tec tion  of 
anim als (Thiel 1966); the identification  to h ig h er 
taxa (e.g., nem atodes, copepods) and  the coun ting  
o f anim als was carried  o u t u n d e r  stereoscopic 
m icroscope (56X m axim um ). T he p e rcen t S-C in 
sed im ent sam ples was de te rm in ed  by wet sieving 
using a 63-|lm sieve to separate the coarse (sand) 
and  fine (silt + clay) fractions, which were th en
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TABLE 1. Mean values (± Standard error) of abiotic variables measured in five locations and during 3 nro in the western part of the Gulf 
of Batabanó. T — temperature, S — salinity, S-C — silt-clay, and DO — dissolved oxygen, n = 2 for February and July; n = 4 for November. 
Blank cells indicate that no measurements were taken.

Location M onth D ep th  (m) t  r c ) pH S (%„) % S-C DO (mg 1-)

Bacunagua February 0.5 (0.05) 29.3 (0.1) 7.77 (0.01) 33.8 (0.8) 5.33 (0.20)
July 0.5 (0.05) 32.6 (0.4) 8.48 (0.00) 27.3 (1.4) 5.46 (0.35)
November 0.6 (0.07) 27.3 (0.3) 7.83 (0.04) 25.5 (3.6) 55.7 (9.7)

Dayaniguas February 0.5 (0.05) 28.2 (0.4) 7.82 (0.19) 35.2 (1.1) 4.28 (1.19)
July 0.5 (0.05) 29.5 (0.9) 8.39 (0.14) 22.9 (6.2) 4.85 (0.15)
November 0.8 (0.1) 26.3 (0.4) 7.84 (0.08) 36.5 (1.2) 73.8 (6.1)

Coloma February 2.5 (2.1) 29.6 (0.2) 8.13 (0.05) 36.1 (0.2) 6.34 (0.84)
July 2.7 (1.9) 30.1 (0.2) 8.62 (0.10) 30.8 (0.6) 7.52 (0.19)
November 0.6 (0.1) 25.8 (0.5) 7.63 (0.18) 36.3 (0.5) 50.3 (2.8)

Matías July 1.1 (0.1) 30.5 (0.0) 8.76 (0.08) 33.4 (0.2) 8.52 (0.27)
November 0.7 (0.1) 68.1 (17.1)

Isla February 2.7 (0.4) 28.1 (0.4) 8.41 (0.04) 36.4 (0.1) 6.93 (0.03)
July 2.5 (0.4) 29.9 (0.2) 8.42 (0.37) 33.1 (0.1) 8.29 (0.49)

dried  at 70°C fo r 24 h, w eighed, and  expressed as 
p e rcen t o f initial weight.

D a t a  Analysis

Statistica 6.0 was used  fo r graphical and  univariate 
analysis; density o f fo u r m eiofaunal taxa was tested 
by two-way analysis o f  v ariance  (ANOVA) fo r 
differences rela ting  to the  fixed factors: m o n th  
(th ree  levels) and  location  (five levels). T he values 
o f  density from  each core were used as replicates 
inside each location-m onth  com bination  in o rd e r to 
increase the  degrees o f  freedom  fo r the ANOVA. 
Two com binations o f  factors (February-M atias and 
November-Isla) were n o t sam pled causing a design 
with a lack o f efficiency in  the  assessm ent o f the 
com ponen ts o f variance. T he data were transform ed 
as XT (using Taylor’s pow er law after Elliot 1971) 
checking tha t non-m ean-variance correla tion  was 
achieved. T he values o f T in all cases were m uch 
closer to  zero, so the logarithm ic transform ation  was 
used (i.e., log(x  + 1)). T he m ean-variance correla­
tion was e lim inated  only fo r two variables: density of 
nem atodes and  copepods (r =  —0.03 and  0.41, 
respectively). T he rem ain d er o f  the variables (poly­
chaetes and  ostracods) m ain ta ined  h igh values of 
co rrelation  (r =  0.97 and  0.96, respectively) after 
the  transform ation; due  to this, in te rp re ta tio n  of 
ANOVA results should  be analyzed with caution.

PRIMER 5.2.9 (Clarke and  Warwick 2001) was 
used for m ultivariate analyses. An o rd ina tion  of 
sam ples was carried  ou t using a correlation-based 
p rin c ip a l c o m p o n en t analysis (PCA) o f abiotic 
variables; the  data were standardized in o rd e r to 
elim inate differences in  un its o f m easurem ent. T he 
o rd ina tion  o f  com m unities on  m eiofauna data was 
carried  ou t by non-m etric  m ultid im ensional scaling 
(nm M D S). T he data set was g ro u p ed  by m on ths and 
locations to reveal spatial and  tem poral changes in 
m eiofaunal com m unities. T he data were square-root 
transform ed in o rd e r to reduce  the  con tribu tion  of

nem atodes and  to increase the  im portance  o f less 
a b u n d a n t taxa. T h e  Bray-Curtis co effic ien t o f  
sim ilarity was selected  fo r th e  co n stru c tio n  o f 
similarity m atrices. Samples having values o f zero 
were rem oved from  the  similarity m atrix. An outlier 
value (1,298 anim als 10 c n T 2) was excluded because 
its inclusion provoked a collapse o f  the  rem ainder 
sam ples in  a un iq u e  p o in t in  the MDS plots. Two- 
way c rossed  sim ilarity  analysis (ANOSIM ) was 
perfo rm ed , using the  same similarity m atrix  o f 
nmMDS, in  o rd e r to test fo r statistical differences 
in  the  com m unity structure  re la ted  to  the  analyzed 
factors (m onth  and  location).

T he relationships betw een m ultivariate pa tterns 
o f  com m unity  structure  and  abiotic variables were 
exp lo red  using the  BIOENV p ro ced u re  (Clarke and 
W arwick 2001). I t calcu lates ra n k  co rre la tio n s 
betw een a similarity m atrix  derived from  m eiofauna 
data and  o th e r m atrices derived from  several subsets 
o f  abiotic factors. T he subsets with m ore  concor­
dance (correlation) are selected as com binations 
th a t m ight best explain the  m ultivariate s tructure  of 
m eio fauna l com m unities. U nivariate co rre la tion  
analysis using S pearm an’s ran k  coefficient were 
carried  ou t betw een total density and  two abiotic 
variables (DO and  S-C) because they were no t 
m easured  in all com binations.

Results

A b io t ic  Fa c to r s

T he averaged d ep th  over all stations and  all 
m o n ths was 1.1 m, with m axim um  and  m inim um  
values o f  4.6 and  0.3 m, respectively (Table 1). DO 
was n o t m easured  in  N ovem ber; th ere  was n o t a big 
change betw een February and  July with averaged 
values o f  5.7 and  6.9 m g I-1, respectively. T he 
g ranulom etry  was qualitatively assessed in February 
and  Ju ly  as fine sed im ent with h igh  co n ten t o f  S-C 
frac tio n . T his assessm ent was c o rro b o ra te d  by
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Fig. 2. PCA ordination plot of samples from five locations 
during 3 mo in the Gulf of Batabano. Each sample represents 
a community (combination of location and m onth). The labels 
for the samples are location (B = Bacunagua, D = Dayaniguas, C 
= Coloma, M = Matías, and I = Isla) and month (F = February, J 
= July, and N = November). The variance explained by the two 
first PCs is 79.0%. The equations of the axes are PCI = -0.65pH  
-  0.63T -  0.34d + 0.24S and PC2 = -0.73S -  0.66d + 0.15T -  
0.07pH. T = temperature, S = salinity, and d = depth.

d e term ina tion  o f S-C p e rcen t from  the N ovem ber 
samples. T he m ean  value (all N ovem ber’s samples 
averaged) o f S-C was 61.6%; the range was from  
34.2% to 89.6%.

A PCA o rd ina tion  constructed  using fou r abiotic 
variables (depth , salinity, tem pera tu re , and  pH ) 
explained  79% o f the total variance. T he rem ain ing  
two variables (S-C and  DO) were n o t m easured  in 
all m onths. T here  were clear differences in bo th  
space and  tim e on the  basis o f abiotic variables. T he 
PCI axis rep resen ts a tem poral g rad ien t with the 
th ree  sam pled m on ths clearly separated  (Fig. 2). 
T he m o n th  o f July (co rrespond ing  with the wet 
season) h ad  the h ighest m ean  values (all locations 
averaged) o f pH  (8.5) and  tem pera tu re  (30.5°C). 
T he sam ples from  N ovem ber and  February (corre­
spond ing  with the dry season) were less clearly

separated; these sam ples were defined  by lower 
m ean  values o f pH  (Novem ber: 7.8 and  February: 
8.0) an d  te m p e ra tu re  (N ovem ber: 26.5°C an d  
February: 28.8°C).

T he PC2 axis suggests the presence o f a spatial 
g rad ien t. T he abiotic variables th a t co n trib u ted  
m ore to this g rad ien t were salinity and  dep th ; there  
was n o t a clear separation  o f locations on  the PC2 
axis. Table 1 indicates th a t the locations from  
so u thern  P inar del Rio (Bacunagua, Dayaniguas, 
and  Colom a) h ad  relatively lower m ean  values o f 
DO and  d ep th  (5.6 m g I“1 and  0.9 m, respectively) 
than  Matías and  Isla (7.9 m g I“1 and  1.7 m, re­
spectively). D ifferences in salinity betw een these 
groups o f locations were subtle (31.9%o so u thern  
P inar del Rio versus 34.3%o eastern  Isla).

M e io fa u n a l  C o m m u n it ie s

In  th e  s tu d ied  m angrove systems, only  five 
m eiofaunal taxa were recorded: N em atoda, C ope­
poda, Polychaeta, O stracoda, and  Acari. T he last, 
rep resen ted  by only fou r anim als, was n o t inc luded  
in the statistical analyses. N em atoda was p resen t in 
all sam ples (Table 2); the dom inance  o f nem atodes 
ranged  from  33% to 100%, with a m ean  value o f 
88%. T he second m ost ab u n d an t taxon was C ope­
poda, with a highly variable d istribu tion  and  very 
low density in Bacunagua. M ean values o f total 
density (all taxa sum m ed) for each core ranged  
from  0 to 1,298 anim als 10 c m '2, with a total m ean  
for all locations o f 101 anim als 10 c m '2. T here  was 
a h igh  tem poral and  spatial variability in the m ean  
density for each location-m onth  com bination . T he 
highly significant differences in  the  in terac tion  o f 
two-way ANOVA (Table 3) fo r the  fo u r tested  
m eiofaunal taxa co rrobora te  this statem ent.

nmM DS o rd ina tion  plots d id  n o t show a clear 
p a tte rn  o f  sam ple clustering (Figs. 3 and  4). T here  
was a no tab le  variability in m eiofaunal com m unity 
structure  from  Bacunagua, Dayaniguas, an d  Colom a

TABLE 2. Mean values (±  standard error) of m eiofauna (animals 10 cm 2) m easured in five locations and during 3 mo in the western 
part of the Gulf of Batabano. Blank cells indicate absence of animals.

Location M onth N em atoda C opepoda Polychaeta Ostracoda Acari Total

Bacunagua February 33.7 (6.0) 7.6 (3.3) 0.6 (0.4) 41.9 (8.7)
July 29.9 (9.9) 0.3 (0.3) 30.2 (9.8)
November 6.1 (3.1) 0.5 (0.5) 6.6 (3.3)

Dayaniguas February 75.1 (40.7) 1.7 (1.7) 0.2 (0.2) 77.0 (42.0)
July 51.6 (37.5) 0.5 (0.5) 0.5 (0.3) 52.6 (37.2)
November 21.7 (7.5) 0.9 (0.9) 1.9 (1.3) 0.9 (0.9) 24.6 (8.3)

Coloma February 66.6 (38.2) 0.5 (0.5) 0.2 (0.2) 67.3 (38.6)
July 591.2 (38.2) 2.7 (0.6) 593.9 (283.1)
November 61.0 (30.6) 13.7 (11.2) 1.9 (1.3) 2.8 (1.6) 67.3 (38.6)

Matías July 112.0 (31.0) 15.1 (3.8) 0.7 (0.5) 127.8 (32.6)
November 117.8 (28.1) 10.7 (3.5) 0.6 (0.6) 129.2 (25.9)

Isla February 175.7 (19.4) 7.6 (1.0) 4.4 (2.3) 0.6 (0.4) 188.4 (21.0)
July 5.0 (1.5) 0.2 (0.2) 5.2 (1.4)



1 2 8  M. A rm enteros et al.

TABLE 3. Results of two-way ANOVA on density of meiofaunal taxa (transformed as log(x + 1)). F ratios and probabilities (in 
parentheses) are presented, df — degree of freedom, df for error is 68.

Factor df Nem atodes C opepods Polychaetes Ostracods

Location 4 3.14 (0.02) 23.74 (< 0.01) 1.55 (0.20) 6.06 (<  0.01)
Month 4 1.16 (0.32) 1.39 (0.26) 2.57 (0.08) 5.35 (<  0.01)
Interaction 6 4.65 (< 0.01) 7.14 (< 0.01) 3.06 (0.01) 10.62 (<  0.01)

fo r each sam pled m o n th  (Fig. 3), i.e., replicates 
from  the  same location were separate in  the p lo t 
m ore  th an  those from  d ifferen t locations. A lower 
variability in  com m unity  structure  appears to exist 
in  February in  com parison  with the  rem ain ing  
m onths. T he clustering o f sam ples from  Matías 
and  Isla (i.e., sam ples from  a same m o n th  are 
clustered  closer) suggests a lower variability in the ir 
co m m u n itie s . T h e re  was n o  te n d e n c y  in  th e  
tem poral variation o f  com m unities for each location 
(Fig. 4). Only Isla appears to  have a clear separation 
betw een  m o n th s; a sub tle  sep a ra tio n  betw een  
m on ths appears in B acunagua.

U sing two-way ANOSIM global tests on density of 
taxa revealed significant differences in  location (R 
=  0.29, p =  0.001, and  999 perm utations) and 
m o n th  (R =  0.14, p =  0.015, and  999 p erm u ta­
tions). T he results o f pairwise tests showed signifi­
can t d iffe rences betw een  all locations, excep t 
B acunagua and  Dayaniguas, Dayaniguas and  Co­
lom a, and  Colom a an d  Matías (Table 4). T he only 
location d ifferen t from  the  rest was Isla. Pairwise 
tests o f  the  th ree  sam pled m on ths ind ica ted  no  
differences betw een N ovem ber an d  Ju ly  (R = 
— 0.073, p =  0.76); th ere  were d ifferences betw een 
February and  July (R =  0.24, p =  0.001); and 
February and  N ovem ber (R =  0.24, p =  0.022).

L in k in g  C o m m u n it y  St r u c t u r e  t o  A b io t ic  Fa c to r s

T he BIOENV p ro ced u re  showed a very po o r 
ag reem en t betw een the m ultid im ensional p a tte rn  
o f  m e io fa u n a  a n d  th e  set o f  ab io tic  fac to rs  
m easured  in  w ater colum n. T he abiotic factor that 
best m atched  the  biotic p a tte rn  was dep th , bu t the 
co rrelation  value was very low (0.12); the  second 
com bination  was dep th -pH  (r =  —0.018). Two 
abiotic factors (DO and  % S-C) were n o t included  
in  BIOENV p ro c e d u re  because they w ere n o t 
m easured  in  all m onths.

A correlation  using S pearm an’s ran k  coefficient 
betw een total density and  DO (n =  18) showed a low 
(r =  0.14) and  nonsign ifican t (p =  0.56) value of 
correlation. A correla tion  betw een total density and 
% S-C (n =  15) showed sim ilar results (r =  0.07, p 
=  0.80).

Discussion
In  the p resen t study seasonal variation was found  

in  the m angrove env ironm en t (fundam entally  con­

cern ing  pH , DO, and  tem pera tu re); seasonal varia­
tions in  tropical m angroves have also been  rep o rted  
by Dye (1983a) and  Alongi (1987b). T he seasonal 
changes in pH  affect the  redox  p o ten tia l (Dye 
1983a) and  possibly the m eiofauna, b u t this tren d  is 
n o t evident. Possible explanations w ould be changes 
in  pH  and  o th e r factors in the  w ater co lum n (e.g., 
D O ) do  n o t  have a d ire c t re la tio n  w ith th e  
sedim entary  env ironm ent and  th ere  are n o n m ea­
su red  c o n fo u n d in g  factors affecting m eio fauna 
(e.g., organic con ten t).

T em pera tu re  is an im p o rtan t seasonal abiotic 
factor in  m angroves, bu t its effects on m eiofauna 
are som ew hat contradictory  based on literature. 
R icher popu la tions o f nem atodes in  w arm er sedi­
m en ts are expected  (H opper et al. 1973; H eip  et al. 
1985) since tem pera tu re  affects nem atode  rep ro ­
duction, b u t A longi (1990) rep o rted  m ore m eio­
fauna (nem atodes) in  cooler seasons than  during  
th e  h o tte s t m o n th s  o f  th e  year. An inversed  
re lationsh ip  betw een tem p era tu re  and  redox  p o ­
ten tia l in  sed im en t has b een  rep o rted  by Dye 
(1983b). As a result, the  effects from  tem pera tu re  
(positive on rep ro d u c tio n  and  negative on oxygen­
ation o f sedim ent) probably  cancel each o th e r out, 
and  the  seasonal fluctuations w ould be caused by 
o th e r factors (e.g., local in p u t o f  organic m atte r or 
p reda tion ) tha t are largely random . T he con fo u n d ­
ing effects o f o th e r physical factors with tem pera­
tu re  have been  p o in ted  ou t by A longi (1990) in 
tropical A ustralian m angroves.

Clear variations o f abiotic factors (salinity and 
dep th ) and  m eiofauna were p resen t in spatial scales 
o f  tens o f kilom eters (e.g., betw een locations) in the 
p resen t study. T he ru n o ff  from  land  could  be 
a m ajor cause o f  low m ean  salinity in  sou thern  
P inar del Rio, a lthough  the  dam m ing o f rivers and 
creeks is one o f the  m ore  harm fu l disturbances o f 
ecosystems in  this reg ion  (P iñeiro 2003). T he wider 
m onth ly  variation o f pH  and  the h ig h er n u m b er of 
rivers and  creeks in  sou thern  P inar del Rio in 
com parison with M atías and  Isla suggest tha t ru n o ff 
is m ore  in tense in this region; the  in p u t o f water 
from  land  w ould cause the  d ilu tion  o f substances 
(e.g., pheno ls and  hum ic acids) increasing the pH .

In  the  p resen t study, spatial variations in  salinity 
were n o t clearly linked with the  m eiofaunal com ­
m unities. C hanges in  m eiofaunal com m unity  struc­
tu re  re la ting  to salinity in  tropical m angroves has
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TABLE 4. Results of pairwise two-way ANOSIM tests on density 
of meiofaunal taxa (square-root transformed) related to location 
factor (data averaged across all m onths). R values and 
probabilities (in parentheses) are presented. N um ber of 
permutations is 999 for each comparison.

Bacunagua Dayaniguas Colom a Isla

Dayaniguas
Coloma
Isla
Matías

0.077 (0.15) 
0.23 (0.017) 
0.51 (0.002) 
0.42 (0.004)

0.033 (0.26) 
0.23 (0.002) 
0.38 (0.005)

0.39 (0.001)
0.13 (0.093) 0.64 (0.03)

been  rep o rted  by Som erfield  et al. (1998) and 
A longi (1987a), the  m agn itude  in the change of 
salinity values appeared  to  be m ore  im p o rtan t in  its 
effect on m eiofauna than  absolute values p e r se. 
O u r results supported  this statem ent; the  m onths 
with a wide range o f salinity (17%o and  23%o in  July 
and  N ovem ber, respectively) showed h ig h er spatial 
variability (i.e., sam ples w ere n o t c lu stered  by 
location) in  th e ir com m unities after MDS o rd ina­
tion plots. February h ad  the  narrow est range (3%o) 
and  the lowest spatial variation w ithin com m unities.

A longi (1987a,b) stated th a t env ironm ental fac­
tors such as tem p era tu re  and  g ranulom etry  are the 
m ain  factors in fluencing  the  spatial d istribu tion  of 
m eiofauna in tropical m angrove systems. In  our 
survey the spatial variation o f  tem p era tu re  (i.e., 
betw een locations w ithin a sam e m o n th ) were 
narrow  and  did  n o t appear to  be the  cause of 
sign ifican t ch an g es fo u n d  in  m e io fau n a . T h e  
g ranulom etric  com position o f  sed im ent w ould be 
a causal factor o f  d istribu tion  o f m eiofauna (see 
Coull 1999 for review). T he lack o f evident relations 
betw een grain size and  m eiofauna in this study 
could be caused by: the am o u n t o f  variation in  S-C 
percentages n o t be ing  large eno u g h  to  in fluence 
the  structure  o f  m eiofauna in any im p o rtan t way; 
and  the m easured  S-C percen tage  n o t reflecting 
true  granu lom etric  conditions fo r ben th ic  in fauna 
(e.g., po re  space; D em ie  et al. 2003).

T he larger variability in  the  structure  o f m eio­
fauna from  sou thern  P inar del Rio suggests the 
existence o f a h ig h er intensity  o f d isturbance in 
com parison to the locations in  eastern  Isla. T he 
increase o f  variability in  m eiofaunal com m unity 
structure  (particularly nem atodes) has been  p o in t­
ed  ou t as a sym ptom  o f environm ental stress on 
b io ta (L am bshead and  H o d d a  1994). R unoff from  
land, the  h ig h er n u m b er o f  h u m an  settlem ents in 
sou thern  P inar del Rio (Fig. 1), and  the  noticeable 
deterio ra tion  o f m angroves in  the  area (A rm enteros 
personal observation) support this idea; in  w hat way 
the  d isturbance is an th ropogen ic , it is n o t yet clear. 
Very little in fo rm ation  on po llu tion-rela ted  variables 
in  stud ied  m angroves exists; perfo rm ed  surveys to 
date on o rganoch lo rine  pesticides (D ierksm eier et 
al. 1996) and  heavy m etals (A rm enteros u n p u b ­

lished data) are n o t enough  to  state environm ental 
qualities in  studied  m angroves.

T he density o f m eiofauna (particularly n em a­
todes) in  tropical m angroves tends to be lower than  
in  o th e r  coastal ecosystem s a ro u n d  th e  w orld 
(Alongi 1988) and  the ir com m unity structure  shows 
considerable variation b o th  on  global and  local 
scales (Ó lafsson 1995). Som erfield et al. (1998) 
rep o rted  no  m ore  than  122 nem atodes 10 cn T 2 in 
a site from  a tropical Malaysian m angrove forest, 
and  A longi (1987b) has p o in ted  ou t densities as low 
as 0 .1-100 anim als 10 cn T 2. T he p resen t study 
showed low values o f  density (general average: 101 
anim als 10 c n T 2). H igher abundances have been  
reco rd ed  in  African tropical m angroves by Dye 
(1983a), Ó lafsson (1995), an d  O lafsson et al. 
(2000): 2,700, 205-5,263, an d  271-656 anim als 
10 cn T 2, respectively.

Practical difficulties fo r standardizing the  sam­
pling, fundam entally  the  selection o f  sam pling sites, 
co u ld  be an im p o rta n t cause o f  v a ria tio n  in  
estim ates o f com m unity  structure. T here  are differ­
en t types o f  substrate, such as bare  sedim ent, leaf 
detritus, fallen leaves, and  biotic surfaces (e.g., 
p n eu m a to p h o re s , p ro p  ro o ts ) . T h e  m eio fauna l 
com m unities on each type o f substrate w ithin the 
m angroves w ould be significantly d ifferen t (Gee and  
Som erfield  1997) an d  the  substrates often  are 
patch y  in  sm all spatia l scales (cen tim e te rs  to 
m eters) due to this; sam pling in relatively hom oge­
neous substrates w ould be difficult o r im possible. In 
tropical m angroves, a com plex zonation  is often 
p resen t with narrow  fringes o f  m icroenvironm ents 
(i.e., sed im ent u n d e r  canopy, p ro p  roo ts from  
Rhizophora, p n eu m ato p h o res  from  Avicennia; Alongi 
1987b). T he m angroves are in tertida l systems w here 
the  w ater d ep th  an d  the  distance from  land  (i.e., 
from  influence o f ru n o ff o r an th ropogen ic  inputs) 
are de te rm in ed  by tidal am plitude fo r a particu lar 
location. These features p o in t ou t a h igh  spatial 
variability in  the m icroenv ironm ent in  m angrove 
habitats with associated m ethodological difficulties 
in  the  application o f sam pling strategies.

Two add itional features tha t could  account for 
h igh  variability in  density estim ates o f  m eiofauna in 
tropical m angroves are: biogeographical pa tterns 
showing African m angroves’ m eiofauna m ore  abun­
d an t than  in C aribbean and  Asian regions (no 
fu rth e r  in fo rm ation  abou t this topic appear to  exist) 
and  local environm ents opera ting  w ithin habitats 
(e.g., organic m atter, tidal currents, accum ulation 
o f  tann ins).

T he ecological causes o f  low densities in  some 
tropical m angroves include p o o r nu tritio n a l quality 
o f  derived m angrove detritus (Alongi 1989; T ietjen 
and  A longi 1990; A longi and  C hristoffersen 1992); 
h igh  tann in  co n ten t o f  the  sed im ent in  m angroves,
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w hich have a significant negative effect on fauna 
(Alongi 1987c; T ietjen and  A longi 1990); suspen­
sion o f m eiofauna in  the  w ater co lum n by physical 
rew orking due to tidal curren ts and  waves (Alongi 
and  Christoffersen 1992; D em ie et al. 2003); and 
h igh tem pera tu res o f sed im ent streng then ing  the 
anoxic conditions in m angrove sed im ent (Alongi 
1990) affecting the  rep ro d u c tio n  o f  nem atodes 
(H eip et al. 1985).

Several studies in  sub trop ica l an d  tem p era te  
m angroves (H odda and  N icholas 1985; N icholas et 
al. 1991; Gwyther 2000; Z hou 2001) reco rd ed  values 
o f m eiofauna densities consistently h ig h er th an  the 
tropical surveys quo ted  in  this paper. T he first 
th ree  ecological causes discussed above can affect 
m e io fau n a  in  n o n tro p ic a l m angroves, b u t th e  
extension and  im portance  o f them  is n o t clear. To 
o ur knowledge, la titud inal p a tte rn s o f  m eiofaunal 
com m unities in  m angroves have n o t yet b een  
proposed .

T he sta tem ent o f Olafsson (1995) on  the im pos­
sibility to  enunciate  generalizations on  the basis of 
a few studies regard ing  m eiofaunal structure  and 
abiotic con tro l factor in  m angrove habitats w ould be 
true  still. This study constitutes an initial approach  
to the  study o f m eiofaunal com m unities in m an­
grove systems from  southw est Cuba. F uture  strate­
gies for m eiofaunal studies in  m angrove systems 
include increasing the  tem poral and  spatial replica­
tion in  o rd e r to find  pa tte rn s o f variation, im ple­
m en ting  m anipulative field experim ents on m eio­
fauna to  test fo r ecological hypotheses, and  applying 
a species-level approach  for assessing the diversity of 
n em atode  assem blages and  isolating the  abiotic 
factors tha t s tructure  these assemblages.
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