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ABSTRACT This article describes Ihc population ecology of Tluiis kinsquifonnis Duclos, the dominant predatoi^ gastropod of the

root system of Costa Rican mangroves. T. kiosquiformis was shown to cope with the extreme living conditions of its habitat (risk of

desiccation and overheatmg through several hours of daily air and sun exposure, strong salinity, and current changes during the tidal

cycle) by using the following strategies: ( 1 ) extremely slow growth (~ I mm/y). cessation of growth at the onset of maturity (at —24

mm in shell length), (2) maintaining high interindividual plasticity in growth and shell thickness as a response to abiotical conditions,

food availability, and population density, and (3) migrating ontogenetically for the benefit of lowering desiccation and predation

mortality. Because of its high density and biomass (192.2 ± 102.4 g wet weight/m"), and the predation pressure it exerts mostly on
the barnacles of the mangrove roots, T. kiosquiformis seems to occupy a central role in maintaining the functioning and productivity

of mangroves through "cleaning" their root system from the encrusting fauna.
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INTRODUCTION

Thaidid gastropods evolved in the early Miocene (Vemieij

1978) and are distributed worldwide from tropical to boreal areas,

indicating the large adaptive potential of this family. They occur in

intertidal and subtidal shallow waters, often as a dominant inver-

tebrate predatorwithin their habitats (Mengc 1978). Studies on the

ecology of thaidid gastropods revealed a complex set of mecha-

nismsto deal with the harsh environmental conditions they en-

counterin the intertidal habitat. These include prey type selection

motivated by energetic considerations (Palmer 1984); prey size

choice to minimize the risk of dislodging at wave-exposed sites

(Richardson and Brown 1990); optimized foraging behaviour in

relation to prey abundance and mortality factors such as predators

and desiccation (Menge 1978, Spight 1983, Fairweather 1988);

switching to anaerobic metabolism by aperture closing to avoid

desiccation (Cantera et al. 1980); size-dependent zonation related

to factors like food, predators, shelter, and desiccation (Butler

1979); and modification of shell thickness as a response to differ-

ent predation pressures by crabs (Kitching 1977, Palmer 1985,

Geller 1990). Menge (1978) concluded from his study on preda-

tion exerted by Thais lapillus on a rocky shore that each snail has

to be considered an individual, where life history traits and phe-

notype are as important as extrinsic factors (e.g., actual habitat

conditions). West (1988) also reported high interindividual varia-

tion inprey preferences and growth of Thais melones on the Pa-

cific Coastof Panama. Great individual plasticity in behavioural,

physiological, and morphological responses to a harsh environ-

ment seemsthus to explain the success of this family.

Thais kiosquiformis Duclos is among the most abundant snail

species and probably the most important invertebrate predator in

the mangrove swamps of the upper Gulf of Nicoya on the Pacific

Coast of Costa Rica (10°N, 85°W). It is distributed along the

Pacific and Atlantic Coasts from Baja California to Peru in the

intertidal at salinities of 5-30%r, living mainly on mangrove roots,

rocks, and rotting trunks (Keen 1971. Cantera et al. 1980). It is

strictly carnivorous, preying on balanids, bivalves, and other gas-

tropodsby drilling a hole in the prey's shell or by introducing its

foot. Cannibalism does not seem to occur. Specimens can survive

desiccation up to 9 d by closing the aperture tightly and switching

to anaerobic metabolism. The species grows to approximately 50-

55 mm in shell length; the strong shell is muddy brownish with

well-developed spines. Maturity is reached at 24-32 mm shell

length (Cantera et al. 1980).

The objectives of this study were ( 1 ) to describe the population

structure (density, biomass, horizontal size distribution) of 7". kios-

quiformis atstudy sites differing in freshwater influence, sediment

characteristics, height above low water level, and total mangrove

extension; (2) to estimate growth and mortality rates at the differ-

ent studysites; and (3) to estimate food consumption and identify

main prey items. The overall goal of the study was to explain the

mechanisms that not only promote survival under the extreme

conditions of the mangrove habitat but also allow this species to

maintain high abundance and biomass in the mangrove root com-

munity.

MATERIALS AND METHODS

Study Area and Sampling Sites

The Gulf of Nicoya is a tectonic estuarine embayment located

on the Pacific Coast of Costa Rica. Central America (Fig. I ). The

gulf is divided into a shallow upper part ( —20 m) and a lower part

( >200 m in depth), which is bordered by the Puntarenas Peninsula

in the east and San Lucas Island in the west. Because of seasonal

upwelling events, this region is the most productive fishery ground

in Costa Rica.

Seasonality on the Central Pacific Coast of Costa Rica is very

pronounced, with 89% of the annual precipitation occurring from

May to October. Average total precipitation for Puntarenas is ap-

proximately1,550 mm/y (Thomas 1988). The annual mean air

temperature for Puntarenas is 27.35°C (Janzen 1991); water tem-

peratures inthe upper gulf range from 28 to 30°C. The water body

of the upper gulf is heavily influenced by freshwater and sediment

input of the Rio Tempisque, located at the northern end, and by

numerous smaller rivers, especially along the eastern shores

(Peterson I960). The tides are semidiurnal (12.4 h); amplitudes

vary between 1.8 and 2.8 m with a mean of 2.3 m (Peterson 1960.

Voorhis et al. 1983). During the rainy season, surface salinity in

the upper gulf may drop down to 5'?f near river mouths during low
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Figure 1. Gulf of Nicoya with tlie tliree study sites (solid circles) — Punta (PTA) Morales (P), Cocoroca (C), and Jicaral (J).
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tide (this study). The outer coastline of the upper gulf is eovercd

with extensive mangrove stands, dominated by red mangroves

(Rhizophoni mangle and Rliizuphiini hanisimi).

Two sampling sites were chosen in each of the three estuaries

of Punta Morales (PI, P2), Cocoroca (C4. C5). and Jicaral (J6. J7)

for a representative cross-section of the upper gulf (Fig. 1). The

vegetation consisted exclusnely of the two Rhnophoni species

mentioned above. Large mudflats extended seaward at each loca-

tion. Freshwater input was highest at Cocoroca (Rio Lagartol.

followed by the Rio Jicaral and the Rio Quebrada Grande in Punta

Morales (Fig. 2). The latter only carries freshwater during the

rainy season, and even then, the input is very low (Gocke et al.

1981, this study). The increase in salinity in November marks the

end of the rainy season. At high tide, the water level at the sam-

pling sitesof C and J was approximately 1-1.5 m; in P. it was

1.5-2 m above the sediment, coinciding with the upper limit

where barnacles occurred. The sediment in Punta Morales was

coarser than that at the other sampling sites, with stones and rocks

contrary to the uniform sandy/muddy Cocoroca and Jicaral sites.

Accordingly the "sink-in depth"' varied considerably: J > C > P.

Sampliiif; Strategy

Twelve length frequency samples were taken at about monthly

intervals along transects at PI, P2, and C4 from September 1993

to July 1994. In C5, J6, and J7, only 10 samples were taken from

October 1993 to July 1994. An additional sample of tagged snails

was taken in February 1995 in PI . Surface water salinity and water

temperature were measured at the adjacent water line (refractom-

eter, ±0.59?(; mercury thermometer. ±0.2°C). Each transect con-

sisted of10 squares of 60 • 60 cm each (0.36 nr), placed 1 ni

apart from centre to centre, with a 10-m line tagged at 1-m inter-

vals. Thisline was positioned vertical to the mangrove edge (Fig,

3). Because a solid frame could not be used because of the man-

grove roots,an inch rule was taken instead. All T. kiosquijonnis

found within the square were taken to the laboratory. Total shell

length was measured to the nearest 0.5 mm with a caliper. Snails

from each square were measured separately to determine length

frequency patterns along the transect. After measuring, specimens

were returned to the transect to avoid introducing artificial mor-

tality intothe population. This was not done in Jicaral because of

the large distance to the laboratory (1 h by boat).

On the first sampling dale, a different strategy was used to

determine the appropriate square size: in addition to the basic

design, each square was divided into four subquadrats of 30 • 30

cm each (0.09 m"). Mean length, standard deviation, and variance

of the subsamples were calculated to determine whether the vari-

ance changedas a function of sample area. The 60 60 cm quad-

rat sizegave homogeneous results even for densities <35 snails/

m", whereas the smaller quadrat size (30 • 30 cm) did not perform

well under low densities, where number of snails, mean length,

and standard deviation differed significantly among the subsam-

ples. Therefore, the larger quadrat size was selected for subse-

quent samplingduring the study (length frequency sampling and

biomass determination).

GroKih and Mortality

The growth of T. kiosqiujonnis was determined from the length

frequencies by use of the seasonalized von Bertalanffy growth

equation (Pauly and Gaschiitz 1979) as implemented in the FiSAT

program (Gayanilo et al. 1994):

U(l -(K(l-t„l + CK/2-rr(l-U)

where L^. is the asymptotic length, L, is the length at time t, K is

the growth constant. t„ is the age at length zero, C lies between 0

and 1 and describes the growth amplitude (of a sine function), and

t., is the starling point of the growth oscillation.

The program restructures the data by calculating a running

average over five length classes, dividing each length class by this

value and subtracting 1 from the result, which creates peaks and

troughs. The program traces growth curves with different sets of

parameters through the length frequencies and selects the curve

that hits as many peaks and avoids as many troughs as possible.
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Figure 2. Surface salinity at the study sites P, C, and J durin)> low tide.
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Figure 3. Sampling strategy. Letters (l-X) marl^ quadrat numbers.

The length measurements of each transect were grouped into

1-mm intervals. Because of the striking differences in biomass and

length distributions between the transects, the von Bertalanffy pa-

rameterswere calculated separately for each transect. Because the

analysis of the whole range of length frequencies did not give

satisfactory results (goodness of fit. Rn < 0.2 in all cases), the

youngest visible cohort was determined by eye and reanalysed

separately (PI and P2, =£23 mm; C4, s:22 mm; C5 and J6, ^25

mm), as described in Wolff (1985). In J7, growth was not deter-

mined becauseof the low number of snails found during each

sampling date (<30).

The growth performance index (0'). which allows for the com-

parisonof growth between different species (Pauly and Munro

1984), was then calculated with the growth parameters K and L^:

0' = log,o K + 2 logio L^

As a second method to estimate growth parameters and to compare

with the results of the length frequency analysis, 643 snails were

marked and monitored over the sampling period. A paint marker

was used to mark 230 snails; 186 were marked with quick-drying

oil paint. The numbers were written on the shell with waterproof

markers. Because both methods failed, a sandwich technique was

used, applying two layers of nail paint on the cleaned shell near the

aperture. The numbers were written with india ink, and the mark

was sealed with "crazy glue." This method was applied to 413

snails, of which 186 specimens had old marks (re-marked). The

animals were released near the sampling site PI . On each sampling

occasion, a search of about I h was conducted for marked snails,

which after collection, were measured with a caliper to the nearest

0.1 mm and subsequently released at the same spot.

Estimates of von Bertalanffy growth parameters were derived

by the use of the Munro plot (Munro 1982).

K„, ln(U Li) - ln(L:.: - L:)

where L,, L., t,. and t^ are the lengths and times of marking and

recapture, respectively, L, is as described above, and K,,^ _ ^^, is

the growth constant over the time interval. The model allows for

calculating the growth constant K for each individual. The sample

from February 1995 was treated separately because the transect

had been left undisturbed for nearly I y, avoiding recapture stress

and habitat disturbance through frequent sampling. A linear re-

gression of maximum shell length {L^^J versus average density at

the transects was calculated, expecting a negative correlation of

Lmax with density. L^^^ was defined as the mean of the largest 3%

of the snails at the respective transect (Pauly 1984). Total mortal-

ity (Z) was estimated with the mark-recapture data by use of a

formula proposed by Gulland (1969):

In N^ = a -I- b • r'

where N^ is the number of recoveries per time interval r', a is the

y-intercept, and b is the slope of the regression, which provides the

estimate of Z (with sign changed). This method can only be ap-

plied todata where the marking procedure is performed at one time

(e.g., a few days), the sampling effort is roughly similar, and mark

shedding docs not occur (Pauly 1984). Therefore, the October

1993 census was taken as the starting point. Only snails marked or

recaptured (and re-marked) at this date were included in the anal-

ysis. Thisensured that only specimens with sealed marks (no mark

shedding) were used for mortality estimation. The February 1995

recapture data had to be corrected for sampling effort because the
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area was searched for 4 h. exceeding normal effort by a factor of

four.

Population Structure, Biomass, and Density

For each quadrat, the median length was calculated (this was

preferred to the mean length because of the lower sensitivity to

"outliers") with the pooled data of all samples taken from Sep-

temberto March to prove whether different length groups prefer

distinct zones along the 10-m transect from the mangrove border

inwards. In addition, the proportion of juveniles (ss20 mml of the

total was calculated for each quadrat to see if they prefer a distinct

zone within each transect and to compare the dominance of juve-

niles betweenthe transects.

Total shell length was converted to dry weight with 87 speci-

mens ofT. kiosquiformis . To do so. the shell was broken, and the

cleaned tissue was placed m aluminum dishes and dried for 100 h

to constant dry weight at 65°C. Dry weight was determined with a

precision of 0. 1 mg. A potential regression of the form y = a x*'

was used (Table 1 ). The last four samples were excluded from the

size distribution and from the biomass calculations because of

possible sampling bias because they were not taken by the authors.

Dry weights of all individuals of a length class were calculated

from the pooled length frequency data with the regression given

above. Biomass values of the length classes were summed and

divided by the total area (in square meters) sampled, yielding an

average biomass of T. kiosquiformis for the upper gulf. The bio-

mass ofeach sampling quadrat was calculated by pooling the

length frequencies for the respective quadrat.

Food Intake

The in situ food intake of three size groups of T. kiosquiformis

(18-22 mm; 23-27 mm; 28-32 mm) was estimated over a period

of 14 d in the field (Punta Morales). Ten snails of each group were

placed in a mesh wire cage (height, 1 m; 0, 40 cm), situated

approx. 0.5 m above mean low water level at the mangrove edge.

The 10 snails were weighed collectively before and after the ex-

periment tothe nearest 0. 1 g. Wet weight again was converted to

flesh weight gain by use of a linear regression of wet weight versus

flesh weight (Table 1). Wet weights of each prey species were also

registered before the experiment (for balanids that were offered on

pieces of aerial roots, percent area covered was estimated). The

following eight species (corresponding to the most abundant po-

tential preyin the area) were placed in each of the three cages:

Balanus sp. (Crustacea). Litloraria varia. Littoraria fasciaia.

Anachis, rugosa. Cerilhium slercusmuscarum (Gastropoda),

Brachidonlis. puntarensis. Pinctada mazallanlica (juv.), and

Cardita affuus (Bivalvia). P. mazantlantica is not common in

mangrove forests, but a large spatfall had occurred on the man-

TABLE 1.

T. kiosquiformis: Regression Parameters of Dry Weight Versus Shell

Length and Flesh Weight Versus Wet Weight I'sed for Biomass

Estimation and Calculation of Daily Ration.

Total Length/Dry Weight Wet Weight/Flesh Weight

a = O.OOOIO

b = 3.187

r^ = 0.976

n = 87

a = -0.00700

b = 0.129

r^ = 0.937

n = 87

grove roots shortly before the experiment started, so this bivalve

was included. Two months later, this species had disappeared

from the area. After the experiment, the surviving prey organisms

were counted and weighed together with the empty shells. Because

all prey had shells, weight differences measured after the experi-

ment consisted only of flesh weight consumed by the predator.

Daily food intake was expressed as % BWD (flesh weight con-

sumed daily/wet(flesh) weight of predator). The weight increment

of r. kiosquiformis was expressed as % wet weight gain/14 d. Prey

preference was not determined; the relative abundance of prey

species and their availability in the experiment were not compa-

rable tonormal habitat conditions. Some prey specimens (8 of

156) were not found after the experiment and had to be excluded

as not eaten.

RESULTS

Growth and Mortality

The length frequency analysis yielded similar parameters for

the different sampling sites (Fig. 4), where the ranges are: K,

0.18-0.2; L.,., 48-50 mm; C, 0.575-0.65; Wp, 0.775-1.0. The

goodness of fit (R„) of the growth curves ranged between 0. 171

(C5) and 0.341 (J6). The average growth performance (0') was

2.66. with values for K and L, of 0. 19 and 49 mm, respectively.

The tagging experiment conducted in Punta Morales yielded

results that differed from those of the length frequency analysis.

Recapture data from September 1993 to March 1994 and from

March 1994 to February 1995 are presented separately, because

the latter consisted of individuals that were left undisturbed for 1

y (Fig. 5) The points can be divided roughly into three groups;

specimens with positive K values, >0.02 (I); others with K values

around zero. 0.02 > K > -0.02 (II); and snails with negative K

values. <-0.02 (III). Between September and March, only six

juvenile and subadult snails (<24 mm) showed positive K values.

Most specimens did not grow at all; snails larger than 25 mm

tended to show negative K values. For the period from March to

February, the smaller animals had the highest K values, decreasing

more or less linearly to zero at a shell length of 24 mm. The same

division of points was applied here, but because no negative K

values occurred (and no specimens >26 mm), only the first two

groups are represented. Mean density at the transects was nega-

tively correlated (R- = 0.944) with maximum shell length (Fig.

6). Highest L„^^ values occurred at J7 and J6. where density (and

biomass) were lowest, whereas high densities (PI and C4) related

to low L„3.j values. P2 was excluded from the calculation because

the population at this transect consisted almost exclusively of ju-

venilesand subadults.

The estimation of the total mortality rate (Z) from the tagging

data (Fig. 7) yielded a value of 0.178/y (c.i. 0.132-0.225). The

resulting fit of the regression was good (R" = 0.951; p =

0.0002).

Population Structure, Biomass, and Density

The distribution of length classes along the transects (Fig. 8)

shows a clear prevalence of smaller animals in the inner zone. The

median length decreases from the mangrove border to the interior

part, stabilizing 5-8 m inwards from the mangrove edge. The

graph also demonstrates the large differences in median shell

length between the transects. The subpopulation in J7 consisted of

the largest snails, followed by J6, C5. C4, PI, and P2. In P2. the
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decrease in median length was not very pronounced, but because

it was the transect with the smallest snails, large changes in size

frequency distribution could not be expected. The dominance of

juveniles =£20 mm is therefore clearly strongest in P2. followed by

PI and C4 (Fig. 9). At the other transects, only O-lO^f juveniles

were found. At the first three transects, the dominance of juveniles

increased inwards from the mangrove edge, indicating a gradient

along which snails of different age classes are distributed. Highest

density values (ind./m"), obtained at the transects, were: 222 at

PI. 139 at P2. 194 at C4, 111 at C5, 56 at J6. and 19 at J7.

Biomass. averaged over transects and sampling period, was

highest in quadrats III-V (2-A m from the mangrove border) (Fig.

10). The high standard errors are partly explained by the high

variation of biomass values between transects, differing by a factor

of up to 6. Average biomass and standard deviation of T. kiosqui-

formis, calculatedover transects and sampling period, were 6.37

± 3.41 g dry weight/m" (192.2 ± 102.4 g wet weight/m").

Food Intake

The average daily ration was lowest in the medium group

(1.3% BWD wet weight; 10.7% BWD flesh weight), followed by

the smallest group (1.6% BWD wet weight; 13% BWD flesh

weight) (Table 2). The largest animals had the highest daily ration

(2.0% BWD wet weight; 16% BWD flesh weight). Liuorina spp.

accounted for nearly 70% of prey eaten in the experiments, fol-

lowedby the pearl oyster P. mazattanlicu with 19% and the small

mytilid B. puntarensis with 10%, Under natural conditions, how-

ever, T.kiosquiformis primarily feeds on balanids (pers. obs.).

The results of the fleld experiment (Table 2) show that only the

smallest size group had slight positive growth in wet weight

(0.6%/ 14 d), whereas the larger groups (23-27 and 28-32 mm)

lost weight during the experiment (-1.9 and - 1.3%/ 14 d, re-

spectively).

DISCUSSION

Growth and Mortality

The length frequency analysis yielded very low K values

(0.18-0.2) for T. kiosquiformis for all transects when compared

with the reports of Cantera et al. (1980), who gave growth rates of

approximately 0.5 mm/mo (K/y = 0,29) for this species on the

Colombian Pacific Coast. Although the goodness of fit (Rn) was

rather low for our K estimates (0.171-0.341), the calculated pa-

rametersare very similar between transects and seem reliable.

The growth performance index (0' = 2.66) is correspondingly

low and seems more comparable to that of boreal than of tropical

gastropods, which normally exhibit values between 3.2 and 4.7.

Only two boreal thaidids and some Liuorina species are reported

to have similar low values (Wolff 1994).

The results of the marking experiment indicate still much lower

growth rates than were found with the length frequency analysis.

Of nearly 300 recaptured snails, only a few showed positive

growth during the sampling period. One might suspect marking

and/or recapture stress to be the cause, but this does not seem

probable for the following reasons: (1) marking was conducted by

three different methods (see Materials and Methods); (2) marking

procedure and recapture never lasted longer than 2 h, whereas

snails are naturally exposed for up to 5 h during low tide; (3) many

marked snails were recaptured the first time alive after 3-5 mo

without showing any measurable growth; and (4) the sample taken

in February 1995 yielded basically the same results, although the

transect had been left undisturbed for nearly 1 y. The decrease in

total shell length in some specimens is due to shell erosion at the

apex, where the periostracum can be damaged, especially in older

animals, leaving the calcareous shell structures in this part uncov-

ered. Theinterindividual variability in growth
—

seen in the wide

scatter of individual K values
—

is very high, but several authors

report similar variabilities for other molluscs (e.g., Moore 1972,

Broom 1982, Sainsbury 1982. Wolff 1987). This variability can

probably be explained through small-scale differences in habitat

structure but possibly also by genotypical differences between

specimens (Wolff 1987).

Unexpectedly, K, generally considered to be constant for a

species over its whole life cycle, clearly decreased with size, and

it seemed reasonable to divide the individual K values into three

groups: positive values for snails =s24 mm, values around 0 (oc-

curringin the whole size range), and negative K values for snails

>24 mm [one exception]. It thus seemed that 24 mm, which

marks the lower limit for the onset of maturity (Cantera et al.

1980), can be taken as the turning point for the snails in PI , where

growth ceased completely. This suggests ontogenetically based

metabolic changes related to the onset of matunty. This pattern

can be described for the study site PI . where population densities

were highest. However, for the other study sites, L^^^ values were



428 Koch and Wolff

E

E

45

40

35

30

25

• EJ7

y =43.1 19- 0.3027 'x

r^ = 0.9435

EJ6

EC 5

EC 4

J'M

PM2

excluded

10 15 20 25 30 35 40

mean density / 0.36 m

Figure 6. T. kiosquiformis: maximum shell length (L„,^ ) vs. average density at the six transects. P2 was excluded from the fitted regression (see

text).

significantly liiglier, which suggests that growth in these areas

continues in older individuals. Thus, it might be speculated that

somatic growth ceases early under high population densities (re-

sultingin smaller maximum length) in response to limiting food

supply. Under these conditions, energy may be used exclusively

for gonad formation and maintenance metabolism. A negative ef-

fect ofhigh densities on growth and maximum length through

intraspecific competition for microhabitats and food resources has

also been reported for other intertidal gastropods (e.g.. Under-

wood 1978).This phenomenon could naturally not be detected by

the length frequency analysis because only juvenile specimens,

which were still growing, were used.

The thick shell of T. kiosquiformis. being the most robust

among the snails occurring at Punta Morales (Borjesson and Szeli-

towski 1989). is energetically costly (Palmer 1985. Kitching 1986)

and might be another factor explaining the very slow growth rate

of 7. kiosquiformis. In related species, thick-shelled morphs were

also shown to have a decreased tissue growth (Thais lamellosa.
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Figure 7. T. kiosquiformis: total mortality rate (Z) as derived from

Gulland's (1969) method.

Palmer 1981); slower shell growth (Purpura species. Wellington

and Kuris 198.'?); higher food intake as the result of increased

production, maintenance, and locomotion costs (T. laptllus and T.

lamellosa. Palmer 1992) and less offspring production (Thais

emarginala. Geller 1990) when compared with thin-shelled

morphs. Finally, energy costs for adaptations to environmental

stress, which is supposed to be very high in tropical intertidal areas

(Moore 1972. Vermeij 1978. Garrity 1984). may contribute a

significant part to the total energy budget, further reducing energy

available for growth (Russell-Hunter 1985).

We believe that a combination of the above-mentioned factors

is responsible for the extremely slow growth of T. kiosquiformis.

The results of the length frequency analysis possibly reflect the

growth potential of this species when conditions are favourable

and food supply is not limiting. In J6. this may have been the case,

because density was low, animals grew near to their asymptotic

size, and goodness of fit (Rn) for the resulting growth curve was

very good.

If high population density and biomass are maintained while

individual growth is very slow, survival must be maximized. Our

mortality estimate (Z = 0.178), which is at the low end of the

range reported for tropical and subtropical gastropods (0.1-1.66)

(Sainsbury 1982. Appeldoom 1987. Appeldoom 1988. Prince et

al. 1988. Wolff 1989. Debrot 1990). is an indication thereof. This

low mortality is probably due to; ( 1 ) the strong antipredatory char-

acteristics ofthe shell (thick shell, narrow aperture, stout spines),

which reduce predation pressure by crabs and fish (Vermeij 1978,

Palmer 1979, Palmer, 1985, Bertness and Cunningham 1981.

Wellington and Kuris 1983); (2) the high tolerance against desic-

cation (Canteraet al. 1980); and (3) the ability to minimize energy

expenditure (extremely slow growth, growth inhibition at the onset

of maturity), using a "sit and wait"" strategy. These results con-

tradict Alongi's(1989) general assumption that turnover rates as

well as predation mortalities in the tropics are higher than in tem-

perate latitudes.

The method used may even have overestimated mortality, be-
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cause mark shedding may have occurred to a small extent and

because snails could have migrated out of the area. In addition,

specimens well hidden might not have been found.

Population Structure, Biomass, and Density

The observed distributional pattern —
with the juveniles pre-

dominatingmangrove inwards and the larger specimens towards

the mangrove edge
—

probably results from the active distribution

of the respective size groups along a gradient of prcdation and

desiccation, as described for several gastropods (e.g., Vermeij

1972. Butler 1979. Garrity 1984). The most important gastropod

predators in the area are puffer fish iSphoeroides species and Di-

odon species) and rays, which were frequently observed foraging

in Punta Morales (Jerome 1987, Whitey 1990. pers. obs.). Pre-

dation pressure is probably more severe at the mangrove border

than inside the forest for the following reasons: (1) the root system

is much denser inside, making foraging more difficult here: (2)

foraging time is reduced inside the forest because of shorter tidal
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Figure 9. 7". kiosquiformis: ratio of juveniles (=520 mm) to total num-

ber ofspecimens ± standard errors along the six transects.

inundation (higher elevation of the sediment); and (3) hght con-

ditionsare better at the mangrove border (less shading through the

canopy), making visual recognition of prey specimens easier. Be-

cause largeT. kiosquiformis are less susceptible or even immune

to predation, as shown by Palmer (1979). they can live at the

mangrove border, where barnacles are more abundant than in the

inner zone (pers. obs.). whereas smaller snails are largely re-

strictedto the inner forest, where predation is less intense.

Irradiation is more intense at the mangrove border, where the

canopy is less dense than mangrove inwards, resulting in relatively

higher temperature and desiccation. Wind is also stronger at the

border because air movements are dampened by roots and leaves,

reducing desiccation stress in the inner zone. Generally, larger

individuals of a given gastropod species can tolerate desiccation

much better than juveniles (Moore 1972, Vermeij 1972. Vemieij

1978, Underwood 1978). which allows them to stay further out-

side thanjuveniles. Personal observations confirmed the migration

pattern of smaller specimens towards the inner zone, whereas large

I II III IV V VI VII VIII IX X

Quadrat no.

Figure 10. T. kiosquiformis: average biomass distribution ± standard

errors for each quadrat along the transect. Data from all transects

combined.

animals dispersed in all directions or stayed at the border (Koch

unpubl. obs.).

The biomass distribution along the transect, with its maximum

2-A m from the mangrove border, can be explained by the above-

mentioned mechanisms affecting the distribution of respective size

groups. Middle-sized snails, which account for the largest portion

of total population biomass, were found in highest densities 2—4 m

from the mangrove border, where stress is already reduced but

food supply is still high. Further inwards, where food seems less

abundant but where stress is minimized, the smallest snails occur

and survive the most vulnerable life stages.

The average biomass of T. kiosquiformis in the Gulf of Nicoya

of 6.37 ± 3.41 g dry weight/m-( 192.2 ± 102.2 g wet weight/m')

is very high when compared with values of other mangrove areas.

Lalana Rueda and Gosselck ( 1986) found values between 8 and 17

g dry weight/m" for the whole epifauna during the rainy season,

with much lower biomasses in the dry season. In Taiwanese man-

groves, biomassvalues of 131—406 g wet weight/m~ are reported

for the whole epifauna (Wu et al. 1992). These values are similar

to that of T. kiosquiformis and reflect the high secondary produc-

tivity ofthe mangrove community in the study area. In terms of

biomass and abundance. T. kiosquiformis is the most important

species in the mangrove root community of the study area.

Food Intake

The overall estimate for the average food intake of 1% BWD

wet weight (9% BWD flesh weight) is similar to that of the related

species. Thais canmfera (10% BWD tlesh weight and to that of

TABLE 2.

T. kiosquiformis: Food Intake, Percentage Consumed of Each Prey,

and Weight Increment of the Three Size Groups During the Field

Experiment |I4 d).

Size Groups

(mm)

Parameter

18-22 23-27 28-32

(n = 10) (n = 10) (n = 10)

Starting weight (wet) of 10 T.

kiosquiformis (g)

Final weight (wet) of 10 T.

kiosquiformis (g)

Mean Oesh weight of 10 T.

kiosquiformis (g) during the

experiment ( 14 d)

Total food intake of 10 T.

kiosquiformis (g)

Daily ration in % wet weight/day

Daily ration in % flesh weight/day

Weight contribution of each prey

species in %

L. varia

L . fasciata

B. pumarensis

Pinclada sp.

C. affinis

A. rugosa

C. stercusmuscarum

Balanids

Total weight gain of T.

liiosquiformislXA d (%)

14.71 32.02 44.43

14.8 31.4 43.84

1.83 4.02 5.62

3.33 6 12.61

1.6 1.3 2

13 10.7 16

0 2 13

56 78 54

16 3 11

28 17 12

0 0 10

0 0 0

0 0 0

0 0 0

0.6 -1.9 1.3
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the naticid snail Natica maculosa (7.57( BWD flesh weight),

which occurs in tropical mudflats (Broom 1982). By the use of

average biomass and daily ration, the population of T. kiosqui-

formis consumesapprox. 2.5 g tlesh weight/m' per day. We do

not have any reasonable explanation for the differences in daily

rations (%BWD) found between the three size groups, with the

largest specimens having the highest food intake, followed by the

smallest and the middle sized.

The strong preference for littorinid snails in the experiment is

most probably not representative of field conditions, where T.

kiosquiformis was found to feed primarily on barnacles (Cantera et

al. 1980. Perry 1988. pers. obs.). Littorinids are not readily avail-

able asprey because they occur much higher in the mangroves of

Punta Morales (Jerome 1987. Withey 1990) and escape when T.

kiosquiformis is present (pers. obs.). a behaviour also reported for

other littorinid snails iMcKillup 1982. Fairweather et al. 1984).

Furthermore, thaidid and muricid snails are reported to be capable

of choosing the most profitable prey (in terms of energy per unit of

effort) and readily switch their preferences when a prey species

yielding higher profit is made available (Bayliss 1982. Palmer

1984. Carroll and Wethey 1990).

The weight changes during the experiment seem to confirm the

results of the growth analysis, because only the smallest specimens

gained weight, whereas the larger snails lost weight during the

experimental period. The growth of mangrove trees in the study

area is possibly highly dependent on the density and biomass of T.

kiosquiformis. Perry (1988) reported a 50% growth reduction in

the aerial roots of R. mangle when covered with barnacles. She

found T. kiosquiformis and hermit crabs to be the most important

predators, but the latter occurred in much lower densities along the

transects studied (Koch unpubl. obs.). k similar situation was

found in Belize, where mangrove growth also depended on bar-

nacle coverage (Ellison and Farnsworth 1992). The dominant

predator in that system was the snail Melongena melongena. Our

study thus suggests that T. kiosquiformis structures the mangrove

root community in the study area through the predation pressure it

exerts on the community and maintains or enhances the produc-

tivity ofthe mangrove trees by constantly cleaning the root system

of its encrusting epifauna.
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