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fecal-rich surface, which eases their resuspen­
sion by low velocity currents (RHOADS and
YOUNG, 1970). This phenomenon, common
amongst feces of other benthic invertebrates
(ALLER and DODGE, 1974), would have effects on
filter feeding organisms, larval settlement or
upon the different levels of colonization pro­
cesses going on around the deposition area
(MASSIN, 1982). As the pellets plunge, fecal
matter is transferred to the water column, pro­
moting development and growth of some mol­
luscs (RHOADS, 1973). Organic matter from
decaying fecal pellets can be resuspended by
waves, currents and biota and will influence the
relative amounts of organic carbon (HOPKIN­
SON, 1985). Resuspension seems to favor relo­
cation of particulate material rather than dis­
solved nutrients (WAINWRIGHT, 1990).

Studies on fecal pellet ingestion suggest
coprophagy as an important energy transfer
mechanism in marine ecosystems (NEWELL,
1965; JOHANNES and SATOMI, 1966; FRANKEN-

CONDE, J.E., DiAZ, H., AND SAMBRANO, A., 1991. Disintegration of Holothurian Fecal Pellets in
Beds of the Seagrass Thalassia testudinum. Journal of Coastal Research, 7(3), 853-862. Fort
Lauderdale (Florida). ISSN 0749-0208.

ABSTRACT _

Techniques of the lifetime data repertoire are used for detection of the disintegration
pattern of fecal pellets of Holothuria mexicana and Isostichopus badionotus (Echinodermata:
Holothuroidea), two deposit-feeders that play an important role in the cycling of nutrients in
Thalassia beds. Pellet mounds could have different composition and be exposed to different dis­
integrating forces resulting in diverse patterns of disintegration. Traditional methods for life­
time analysis would have resulted in discarding about half of the data. Pellets of I. badionotus
disintegrate completely in about 8 hours, suggesting a higher probability for being resuspended
than those of H. mexicana which remain on the substrate after 25 hours. The hazard function
of I. badionotus suggests a wearing disintegration process, probably due to the internal uncon­
solidation activity of bacterial and fungal growth. The hazard function found for H. mexicana
suggests an accidental pattern of disintegration, probably due to the picking inspection of
marine motile organisms.

ADDITIONAL INDEX WORDS: Holothurian, fecal pellets, lifetime data, censured data, Vene­
zuela.
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INTRODUCTION
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Holothurians are common inhabitants of
sheltered marine shallow-water substrates.
The aspidochirote holothurians H olothuria
mexicana and Isostichopus badionotus often
coexist in Venezuelan Thalassia testudinum
beds (SAMBRANO, 1987), where, as deposit feed­
ers, they rework the sediments and due to their
deposition of fecal pellets influence nutrient
cycling (BAKUS, 1973; YINGST, 1976; WEBB et
al., 1977;,SLOAN and VON BODUNGEN, 1980;
MASSIN, 1982). Holothurian fecal pellets con­
tribute to the detritus pool in coastal ecosys­
tems. Pellets are deposited normally in a ran­
dom fashion, forming fecal mounds of variable
size and organic matter content, often richer
than the surrounding sediment (SLOAN and VON
BODUNGEN, 1980; SAMBRANO, 1987). Also, the
physical instability of the mounds, produces a
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BERGetal.,1967;FRANKENBERGandSMITH,
1967).Coprophagyiscommonlyobserved
amongstdeposit-feeders,includingholothuri­
ans(BAKUS,1973;HAUKSSON,1979).Isosticho­
pusbadionotus,mightfeedonitsownfeces
(SLOANandVONBODUNGEN,1980);theauthors
associatethisfactwiththeoccurrenceofI.
badionotusinshelteredwaters.Stichopustre­
mulusselectivelyfeedson"faecalpellets"and
"sedimentaggregates"ofhighorganiccontent
(HAUKSSON,1979).Thus,pelletdisintegration
timemaybecomeanimportantfactorwhencon­
siderationsaremadeonthenutrientrecycling
orfecesexploitationasnutrientsource.

Mostofthepublishedworkonthemicrobial
colonizationandfecalpelletsdisintegrationhas
beencarriedoutusingfecesofplanktoniccrus­
tacea,primarilycopepods(HONJOandROMAN,
1978;TURNER,1979;BATHELTandSCHELSKE,
1983;GOWINGandSILVER,1983;JACOBSENand
AZAM,1984;LAMPITTetal.,1990;WAINWRIGHT,
1990).Protozoanandbacteriarapidlycolonize
copepodfecalpellets,causingtheirdegradation
anddispersalinaperiodofdaystoweeks
(HONJOandROMAN,1978;PAFFENHOFERand
KNOWLES,1979;TURNER,1979;ALLDREDGEet
al.,1987).Fecesdegradationmayalsobe
affectedbycoprorhexy,assuggestedbyLAM­
PITTetal.,1990.Rapidpelletdisintegration
seemstooccuralsoforsmalloceanictunicates
(POMEROYandDEIBEL,1980;POMEROYetal.,
1984).Thelargeranddenserfecalpelletsof
largersalpsappeartobelesssusceptibleto
microbialcolonizationanddegradation(CARON
etal.,1989).SAMBRANOandDIAZ(1986)and
SAMBRANO(1987),studiedthedisintegration
timeforfecesofIsostichopusbadianotusand
HolothuriamexicanaatVenezuelancoasts.
Althoughtimeofpelletpermanenceinthe
Thalassiabedswasregisteredfromtheinstant
ofdepositionuntilcompletedissolution,dueto
timeconstraints,observationswerenotalways
completed.Inthosecases,onlytheloweror
upperdataonlifetimewasavailable.Using
lifetimedataanalysistheincompleteorcen­
soreddatacouldhavebeenanalyzed(COHEN,
1965;KALBFLEISCHandPRENTICE,1980).Suit­
abletechniquestoanalyzeincompletedata
havebeenrarelyused(GONZALOetal.,1982;
MUENCHOW,1986;PYKEandTHOMPSON,1986).
Traditionallifetableandsurvivalanalysis,as
usedinecology,cannotuseincompletedata.
Thepresentpaperutilizesthesetechniquesin

astudyofthedissolutiontimepatternoffecal
pelletsoftwoholothurianspeciesthatcoexist
inThalassiabedsattheMorrocoyNational
Park,Falcon,Venezuela.

MATERIALSANDMETHODS

Preliminaryexperimentswerecarriedoutin
ThalassiabedsatMorrocoyNationalPark,on
theWesternVenezuelancoasts.Fortypellet
moundsofeachspecies,Isostichopusbadionotus
andHolothuriamexicana,wereperiodically
observedfromthetimetheyweredeposited
untiltheydisappeared.Theirlifetime(perma­
nence)wasregisteredinminutes.After20pel­
letsfromeachspeciesdissolved,theexperiment
wasconcludedandtheremainingpelletswere
consideredcensored(KALBFLEISCHandPREN­
TIcE'1980).

Althoughsurvivorshipisnotcomputedfor
censoredtimes,thesedocontributeinformation
throughtherankingoftimes.Theproduct-limit
estimate(KAPLANandMEIER,1958)ofthesur­
vivorshipfunction,theclinicallifetableand
thesurvivalfunctions,theMANTELandHAEN­
SZEL(1959)test,andapproximationtomodel
specificationsurvivaldataarealternative
methodsconsideredtoprocesscensoredobser­
vations.Thetermssurvivaltime,fade-outtime,
dissolutiontime,disintegrationtirneanddis­
appearancetime,areconsideredsynonymous.

TheKaplan-Meierestimate,whileusingall
collectedinformation,providesageneral
descriptionofthepermanencepatternsofthe
holothuroid'sfecalpelletsintheenvironment
andtheirdisintegrationdynamics.Anyother
testemployedtocomparethecurvesshouldbe
lesspowerful,itwouldresultindiscarding
muchofthecollecteddata.

Afterthepreliminarysurvey,anextensive
fieldstudywasundertaken.Weobserved244
pelletmoundsofH.mexicanaand146ofI.
badionotusfromthemomentoftheirdeposition
atintervalsofonehouruntiltheydisintegrated
orwerecensored.Observationsatnightwere
notpossiblesosomepelletshaddisintegrated
bymorningandweretreatedascensoreddata
atthelasttimetheywereobservedintact.
Experimentswerestartedaspelletswereavail­
able,sothatnotalltheexperimentshadcon­
cludedafterthestudy;thosepelletswerealso
consideredascensoredobservations.

Thehazardfunctionreflectsthepronenessof
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an individual or component to disappear as a
function of time from the beginning of the
experiment. For data arranged in intervals,
such as those in a life-table, GEHAN and SIDDI­
QUI (1973) generalized a proposition of KODLIN
(1967), suggesting a regression method based
on the hazard functions of exponential, linear
exponential, Gompertz or Weibull distribu­
tions. Each of these hazard functions can be
expressed as linear functions of t or In (t).

Therefore, it is possible to make an analysis of
regression/correlation and to select the best
model using the mean square error of residuals
(MSER). Because of its simplicity, we used this
method.

A confirmatory analysis of the differences in
the survival pattern of both species is obtained
using the MANTEL and HAENSZEL (1959) Chi­
Square Test allowing comparison of two sur­
vival distributions with grouped and censored
data. The analysis follows a Chi-Square distri­
bution with one degree of freedom and so can be
compared with a tabulated value of Chi-square.

RESULTS

In the preliminary survey a product-limit
estimate of survivorship was obtained (Table
1). Pellets of Isostichopus badionotus disappear
after 375 min, while more than 30% from Hol­
othuria mexicana remained on the substrate
after 469 min at the end (Figure 1). Median per­
manence times of 269 min for pellets of the for­
mer and 402 min for the latter species were reg­
istered. The survivorship curves of pellets of
the two species show mixed rates of disintegra­
tion. Pellets of I. badionotus show three distinct
moments of increased loss. Holothuria mexi­
cana pellet survival curve is characterized by
two different rates, one from 0 to 120 min and
the other one up to 469 min.

For the extensive field study, Table 2 shows
the complete and censored times of perma­
nence, grouped in 1 min intervals. Columns 2
and 3 include, for each interval, those individ­
uals lost to follow-up and those withdrawn
intact or alive (for another study); that is, cen­
sored data. Columns 4 to 8 show the variables
generated through the lifetime analysis for
estimating function values. These functions
(Figure 2) are equivalent and closely related,
but each of them can be used to analyze and
show a particular feature of the data. The var-

8~

iance of the functions (from Columns 9, 10, and
11), allow building the confidence intervals for
contrasting statistical hypothesis; i.e.: equal
disintegration patterns for pellets of both spe­
cies.

The hazard function detected for each species,
expressed as regression formulas are:

I. badionotus: h(t) = - 0.0049 + 0.0544t
H. mexicana: h(t) = 0.0422 - 0.0012t
The slope of the linear exponential equation

fitted does not deviate significantly from zero
for H. mexicana (Table 3); thus, a constant haz­
ard rate can be accepted and, the exponential
distribution can be used as a model to describe
the pellet disappearance pattern. The linear
exponential, allows for an increasing or
decreasing hazard function dependent on time
or age.

The survival function, shown as a survivor­
ship curve (Figure 1), can be obtained from the
clinical life table. This is shown in Figure 2C.
The pellets of I sostichopus badionotus begin to
disintegrate before those of Holothuria mexi­
cana. All the pellets of I. badionotus disap­
peared after 8 hours; while those of H. mexicana
remain in the Thalassia beds, many of them
remaining on the sediment after 25 hours.
Again, these pellets show a mixed pattern of
disintegration, one from the start of the exper­
iments up to 8 hours and another with a smaller
slope for the remainder of the experiment.

The Mantel-Haenszel Chi-Square test
revealed a X2 = 60.020, which is larger than the
tabulated value, 3.941, for a significance level
of 0.05. This result confirms the information
from the graphs, the distributions of disinte­
gration times for pellets of both species are sig­
nificantly different.

DISCUSSION

When compared to the surrounding sub­
strate, the holothuroid fecal mounds, due to
their somewhat higher organic matter content
(SLOAN and VON BODUNGEN, 1980; SAMBRANO,
1987), could be regarded as high energy spots
which, depending on the species and other fac­
tors, can exhibit different rates of depletion. As
high energy spots, disintegration time of fecal
mounds should be an important factor for the
nutrient cycle in shallow subtidal sediments.
Fecal mounds might contribute to particulate
organic matter resuspension and dispersal
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Table1.Kaplan-Meierestimate(§t)ofdisintegrationtimes(t)inminutesforfecalpelletsoftwoholothurianspecies.

HolothuriamexicanaIsostichopusbadionotus

sttr8t

112310.9755510.975
212320.9507020.950
3135+8530.925
416140.9248540.900
516150.8998650.875
616160.8738760.850
717570.8479070.825
817580.82210580.800
9181+144+

10181+144+
11183110.794167110.773
12193120.767167120.747
13209130.739171+
14218140.712171+
15218150.685171+
16227160.657171+
17309+171+
18328+171+
19328+171+
20328+176+
21238+176+
22345220.623193+
23345230.588193+
24354240.554193+
25371+219250.700
26371+232260.653
27371+232270.607
28371+234280.560
29392290.507251+
30421300.461309+
31429310.415317+
32442+317+
33446+317+
34446+317+
35446+322350.467
36446+322360.373
37469370.311326370.280
38526+351380.187
39526+351390.093
401505+375400.000

Symbols+:censoreddatum;i:rankofobservations;r:rankofcompleteobservation.

throughoutthewatercolumn(sensuCARONet
al.,1989;WAINWRIGHT,1990;LAMPITTetal.,
1990).Also,forthelong-lastingfecalpellets,
thereisthepossibilityofbecomingasuitable
substrateforsettlementandgrowthofother
organisms.Duetotheirhighorganicmatter
content,holothurianfecesmighthave,assuch,
asubstantialrateofnutrientreturnfor
deposit-feeders(HARGRAVE,1976;LEVINTONet
al.,1984).FecalpelletsofIsostichopusbadion­
otusdisappearbeforethoseofHolothuriamexi­
canaandshowalinearlyincreasinghazard
rate;thatis,astimeelapses,theprobabilityof

apelletdisappearingincreases.Thistypeof
hazardfunctionistypicalofthoseprocesses
wherewearingdownoccurs.PelletsofH.mexi­
canaremainlongeronthesubstrateandits
hazardfunctionsuggestsadifferentprocessof
removal.Althoughthebestfitforthisspecies
wasobtainedforalinearexponentialmodel
withaslightlydecreasinghazardfunction;the
exponentialmodelhadaMSERverycloseto
thatofthelinearexponentialmodel.Theexpo­
nentialdistributionshowsaconstanthazard
rate.Thisischaracteristicofprocesseswhere
wearingisnotthemaincauseoffailureand



Figure 1. Survival curves for fecal pellets of two holothurian species in Thalassia beds of Morrocoy National Park, Venezuela.
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although not statistically significant, tendency
of its hazard rate to decrease in time.
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toward the understanding of benthic commu­
nity dynamics.

This work was partially financed by the Con­
sejo Nacional de Investigaciones Cientificas y
Technologicas (CONICIT), Venezuela, through
scholarships to J .E.C. and A.S. From B. Ori-

en 1.00---.J
c:::{
::::::>
~-:z
>« .80~:c

2 t-
l.L. 0::
o l.LJ
:z(!) .60
0 2
-a-
t- --l ..:=
0::: -ol.LJ(en0...> .400>
0::: 0::
a... ::::::>
o en
l.LJt- .20t-««:c
~t-
t-
en
l.LJ

0 120 180 240 300 360 420 480

TIME (minutes)

Holothurian Pellet Disintegration

Journal of Coastal Research, Vol. 7, No.3, 1991

this happens .accidentally. In these processes
the probability of disappearance or death does
not depend on the previous history of the indi­
vidual or component observed (BURY, 1975).

Fecal pellets of I. badionotus contain more
organic matter than those of H. mexicana (SAM­
BRANO and DIAZ, 1986; SAMBRANO, 1987). Thus,
rapid bacterial and fungal growth could be
expected; this would facilitate loosening of the
pellets, and the destruction of the mucous mem­
brane that surrounds the fecal material (HONJO
and ROMAN, 1978), bringing about the wearing
process observed. In this case, resuspension of
organic matter would be easier. Due to the low
content in organic matter of H. mexicana pel­
lets, the bacterial or fungal contribution to
their break down does not seem as important,
at least initially. Thus, pellets remain longer
on the substrate and their chance of being
exposed to the catastrophic action of picking
inspection of crustaceans, fishes, and other
organisms is greater than for I. badionotus. In
addition, pellets of H. mexicana seem to attract
animals more often than those of I. badionotus
(SAMBRANO, 1987), a factor that also can con­
tribute to the accidental disappearance pattern.
The chance for encounters between pellets
mounds and moving disturbers, has a constant
hazard rate.
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Table3.Summaryofregression/correlationandresidualanalysisofhazardfunctionsofdisappearancetimesoffecalpelletsof
HolothuriamexicanaandIsostichopusbadionotus.

Figure2.Estimatedvaluesforsurvivorshipfunctionsoffecalpelletsoftwoholothurianspecies:(A)Hazardrate,(B)Probability
densityfunction,(C)Survivalfunction.95%confidencelimitsareindicated.
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CorrelationMeanSquareErrorof

DistributionInterceptSlopeCoefficientResiduals

Holothuriamexicana
Weibull-5.1500-2.2799-0.24920.0012
Gompertz-3.6024-0.5310-0.44680.0015

Linearexponential0.0422-0.0012c-0.29980.0008
Exponential0.027200.0008

Isostichopusbadionotus
Weibull-3.04521.07060.9838a0.0008

Gompertz-3.42410.41250.9135
a

0.0044
Linearexponential-0.00490.0544b0.9677

a
0.0008

Exponential0.185500.0126

"Significant(p<0.01)
bSignificantlydifferentfrom0(t=8.61;p<0.005,df=5)
"Slope=0canbeaccepted(t=-0.6990,0.095<P<0.99)
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oRESUME0
Lestechniquesrepertoriantlestempsdeviesontutiliseespourdeterminerlesmodesdedesagregationdespelotesdedefecation
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roleimportantdanslecycledenourrituredeslitsaThalassia.Lesaccumulationsdepelotespeuventavoirdifferentescompositions
etetreexposeesadifferentesforcesdedesintegrationquidonnentdiversmodesdedesagregation.Lesmethodesd'analysetrad­
itionnelledutempsdevieauraientaboutiaecarterlamoit.iedesdonnees.LespelotesdeI.badionotussedesagregentcomplete­
mentauboutde8heures,cequileurdonneuneforteprobabilitederemiseensuspensionparrapportaH.mexicanaquidemeure
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oZUSAMMENFASSUNG0
VerschiedeneTechnikenzurBestimmungdesLebensalterswurdenbenutztzurAuffindungdesZersetzungsmustersvonFakalk­
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einenVerwitterungsprozeB,derwahrscheinlichaufdieinnerezersetzendeAktivitatvonBakterien-undPilzwachstumzuruck­
zufuhrenist.DieZerfallsgeschwindigkeit,diebeiH.mexicanagefundenwurde,machteinzusatzlichesZersetungsmusterwahr­
scheinlich,welchesseineUrsachewohlindermechanischenBeruhrungdurchmarinefreibeweglicheOrganismenhat.-Ulrich
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